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PREFACE 


:he earliest historica .1 times, materials Itelonging to 
iss of calcareous cements have heen usetl ia the 
action of buildings, the methods of preparing and 
ng them being the result of the experience of 
tions of builders, and undergoing little change in 
>urse of centuries. The modem development of 
ering practice, dating from the second half of the 
;nth eenlary, gave a new importance to these 
als, iuid brought about the invention of many new 
of cement, some of which have in great measure 
ede«l the older kinds. A laige and important indus- 
3 thus come into existence, and has gradually spread 
, few local centres until it has become established 
rt parts of the civili^ world, 
the demand for aments on the part of the engineer 
le huild 
t of qua 


acturer has not only been called on to increase ni 
jtion, but also to improve the strength and stabilit; 

prwluct. This has been accomplished with i 
iable degree of success, partly m the result of im- 

t 

. no small degree through the co-operation of the 
3t. This second factor assumes an increasing im- 
,ce its the standard of quality is raised, and as efforts 
atle to extend the range of the raw materials 
yed in the industry. 
ricaJ 

st less fruitful than might have been expecteti from 


tliv'r».f • :br! » hi4ii^!r;fS thi.s is due 

till* 1 ilie mikciiom iiuiiiii- 

iiipl id liiiiiciiltite*' iidieri'iii 

uiilir Mil. it is Mtilj ill m^tnl veam that llus 

c<»niplem:ty km fully reidiml, aim! lluit ebciiiiHts iiiive* 
,ii-| ifisiirhi iiitti tho iiiitiire tlie cuiii^tux ainl 
iiii|^’iits.i!y of wliieli ceiiients ure 

The |irea?i:it work is m^ril4eii fK>!i:i tlie |M3iiit of ^iew of 
tlif clieiiiisp Mi<l iHechaaie-al pR^tsses are only so far 
doi^crila*^! m is to render the aceoiiEt of the 

iiianiiimiliire intelligible. Refcreiiecs are giireri to latter 
worki in miiiok ilia engineering aspeet of tlie iodiistry 
iiitj be 'stiniicH,i The »attempt 1ms here l>eeia iiuMle to 
exjikin tlie nalurt of the eh^mical coni^nncls coniaineti 
in ceirienli, the .n^a^^tioni inrolTecl in their prejmmlioii 
from tlie raw niaterimls, the cliaaps which take plaoe 
duriag setting and hanleriing, and the roethcMls of coii- 
trollifig ili€ quality of the prcxiiict. The author Iim 
© oiiglit to piBsent as Mriy ms pom Me the reiulls of 
HMMlem fmmreh, pacing over the older hmm and Inac- 
mtrnM views which are still fi-eijiieiitlj reprcMiiicetl in 
iiianj works of referanee. 

la the comtitution of «iiient eliiiker and 

thf i^tbas wliieli occur in its prcMluction, speciiil atleii- 
ticinliM Iwn ilirectal to the a^istance aftonled in siieli 
iiiv«5t%mlions hy the microseope. The study of metiillo. 
graphy, although of very recent origin, hw wadered most 
iiiipoitaiit »fvit» to the worker, aiid user 

of metals and alloys, by furnishing a ufiemiis of controlling 
the qualily of the materials anti the siicm« of the tech- 
epermlioijis. The mppliealiom of similar iriieroseopical 
melhixii to the study of cements las hitherto Lwii 
negleekd by all but a few iav^tig'atois, and the aullior 
lias might I# emfhmim Iht value of this if»|)ortaiit mid lo 
wmmh. The fhotomicr^mphs illiistrating this secti#>n 
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le work haTe been prepared in tke Metallui^ieal 
ratory of the UniTersity of Glasgow, 
he account given of the proi^^es involved in the 
ig of lime and cement mortars is kised on the view, 
:i we owe to Pr. Michaelis, that the principal products 
le »action are not crystalline but colloidal. The 
stance of this conelnsifi^ whifet it necessitates a 
derable change in tlie^okler explanations of the 
■ss of setting, places us in a position to conceive much 
clearly than before the nature of the change, and 
laiiner in which it is aftected by variations in com- 
,011 or in external conditions. The chemical details 
rk of this kind are naturally of a somewhat technical 
cter, but it has also been sought to show the bearing 
3 chemical facts on the methods of using cement and 
ete, and to give some practical hints as to the best 
s of utilising the valuable (qualities of those materials 
: the conditions demanded by modem building and 
eering work. 

will be observed that certain products are described 
i, although of considerable industrial importance on 
continent, are little used or known in the English 
Qt industry. These products, granulated slag cement, 
lime bricks, &c., have been included partly for the 
3 f their great scientific interest and their relationship 
tter known materials, and partly in order to show 
ature of the materials and processes which are, or 
oecome, able to compete with those in more general 
nder certain local conditions. 

word of explanation should be given as to the units 
>yed. Temperatures, being mainly of interest to the 
ist, are given throughout in degrees Centigrade, 

: the results of mechanical tests are given in British 
and also in their approximate metric equivalents, the 
r being still generally employed in this country by 
ngineer, although abandoned by the chemist. In 



ii# nf oili«f chtiiiimi iwliiitries, this is ine to 

the o^itiipltiity of ihm mmUmm cwciiniiig in ils iiia.iiii- 
ai»i to fX|wimental cliticiiitief- iiilitTeiit 

in the iof^ii^ation* It is o«lj in im^nt ytitrs llint liiis 
©i>»plti.ilj two ftillj imlbttl, ii»l tlinl elieiiiislH linve 
mi iiisiglit into tli€ a^iiw of tli€ cwiiplex niid 
iiiifM.*rft?<^llj of wkieli ctiiieiiis lire 

Tl^ piwtiil work m wti^n .fkmi th« poinl of tmw of 
iht titfiitM-, in^liAnieiil prooesses ure only m f*ir 
m in to pendef the ac«niit of the 

tii» intelligible* 'Uefemmem aw prmi to liwi^cr 

worki in whiclt the eagin«ering aspect of the industry 
Ba»j fc® !t«di@d. The attempt has here l«en made to 
eiplain the natur® of the chMAieal oompnnnds contmned 
in cements, the reactioia inyolred in their prejamtion 
fioBj the mw materials, the change which take place 
tlnring setting awi hanieaii^, and the methods of con¬ 
trolling the quality of the product. The author has 
sought to present as faiiiy as {wssible the results of 
modem rosearch, j»«iiag orer the older loose and inac- 
cnrate ram's which are still frequently reproduced in 
many works of reference. 

la eowi^mng the constitution of cement clinker M»d 
the rwctions which occur in its produetion, special atten¬ 
tion has been direct^ to the assistance afforded in such 
brwt^atiom by the mieroscope. The study of metallo¬ 
graphy, although of very i©c«at origia, has rendered most 
Ira jiortaal serriMS to the mimuifacluier, worker, and user 
of metids and tdioyw, by fiamiihiBg a mwuis of controlling 
th® quality rf the materials sod the sucoeiss of the tech- 
ntoal opiwdiM®. Tie applioatioa rff similar microscopical 
naetliod* the study of laments has hitherto been 
tM^leoteillyidl kd a few inve^igatore, and the author 
hw! sottght t® m^biiidse th@ value of thk important aid to 
r^^rch. 1!he ^A®ixikregr«|tle ill«irt»ti^ this section 
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the chapter on analytical methods, metric units alone ar 
employed, in accordance with the usual laboratory practice 
The author wishes to express his thanks to Mr. H. 1 
Dosch, for much jissistaneo in dealing with the practica 
aspects (»f cement, to Mr. H, K. G. Bamlxjr, of tlr 
Associated Portland Cement Manufacturers, Mr. H. Earle 
of Messrs. G. & T. Earle, Hull, and Mr. H, Burnby, o 
the Ooltnoss Iron Co., Newmains, who have kindly sup 
plitsd many spocimons of material for examination aiw 
data referring to them, and lastly to Messrs. Baird an( 
Tatlock, London, for the loan of blocks for Figures 11 
IT), and 18. 


The UsivBRam, Ot.A8oow, 
Deemnber 1910. 


C. H. D. 
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THE CHEMISTRY OF CEMENT 


CHAPTER I 

THE HISTOEY OF CALOAEEOUS CEMENTS 

Cem^ts may be defined as adhesive substances capable of 
uniting fragments or masses of solid matter to a compact 

embraces a large number of 
very-different substances having little in common with 
one another but their adhesiveness, and the very unequal 
technical and scientific importance of different members 
of the class has tended to bring about a restriction of the 
feignation to one group of adhesive substances, namely, 
to the plastic materials employed to produce adhesion 
betwe^^ stones, bricks, in the construction of buildings 

engineering works, gem ents of this kind also bear a 
cShemical relationship to each other, consisting, as they do 
at lea,st in modern technical practice, of mixtures which 
coiitain eompounds^of lime as their principal constituents. 
Jhe term “ cements ” m this restricted sense then becomes 
equivalent to “ calcareous cements.” Such substaimes as 
ammal glue, bitumen, and oleaginous preparations arc 
relatively of less importance, and their chemical properties 

^ call ior^entirel;^^separate treatment, and do not faU within 

s<^op6 of w©’pr^^iit work. 

^ T “ buildi^‘is not met with below 

a relatively advanced stage of civilisation. The earlier 
structures are composed of earth, sometimes raised in the 

Y-f' ^ 




2 THE CHEMISTRY OF CEMENT 

form of walls or domes by ramming successive layers, or 
of stone blocks, set one above another without the aid of 
any cementing material, as in prehistoric megalithic 
structures, and in the Cyclopean masonry of Greece. 
The stability of walls of the latter kind is derived 
entirely from the regular placing of heavy masses of 
stone without any assistance from adhesion. Although 
remarkable^ works have been accomplished by such a 
method of construction, notably in the domed chambers 
of Mycenie, where small stone wedges are driven between 
'I*', the large blocks in order to tighten the joints, yet 
Cyclopean work has always given place in later times 
to masonry or brickwork, erected with the aid of some 
plastic material. 

The simplest plan is that found in the brick walls 
of ancient Egyptian buildings. The bricks are dried in 
the sun without baking, and each course is covered with 
a moist layer of the loam used for making the bricks, 
with or withgut the addition of chopped straw. The 
drying of this layer makes the wall a solid mass of dry 
clay. Such a mode of construction is hnly possible in a 
rainless climate, as the unburnt material possesses no 
power of resistance to water. Burnt bricks and alabaster 
slabs were employed by the Babylonians and Assyrians, 
and were cemented together with bitumen. This method 
is very efficacious, but being necessarily confined to those 
regions in which natural deposits of the material occur, 
it was not copied elsewhere. ^ 

In the massive masonry constructions of the Egyptians 
we meet with our present-day system of uniting blocks 
and slabs of stone with a mortar, consisting of a noixture 
of sand with a calcareous adhe^sive material. There is 
some little uncertainty as to the character of this ma¬ 
terial. Whilst it is generally described by writers on 
Egypt as burnt lime, even where found in buildings as 
old as the Great Pyramid, the statement is definitely 
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made^ that the Egyptians never used lime, and that tlm 
cementing material was always obtained by burning gyp¬ 
sum. As the gypsum was quarried in a very impure 
state, it usually contained calcium carbonate, whi<jli might, 
be partly decomposed in the process of l)urning, or isven 
if found in an imdeeornposed state in the mortar would 
produce the impression that lime hiul boon tisud. 'Hm 
gypsum was very roughly burnt, so that a mixture <if 
the unchanged mineral with “ dead-burnt" plaster was 
;jenerally obtained. Such a mortar must havu! been 
irregular in setting, and troublesomo to niake uwj etC 
mccessfully. 

Whether the Egyptians were acquainted with the uso 
jf lime or not, the Greeks must have lulojttial this iiin- 
.erial at an early period, and the Homans must have 
sorrowed it from them.® The lufirtar was prepanxl in 
he modern fashion, by slaking the lime atnl mixing 
vith tond, and the examples of Roman brickwork vvhitdj 
till exist are sufficient ovidonoe of the perfection whieli 
he art attained in the ancient times, the remarkabto 
lardncss of th^rnortar in walls of Roman workmanship 
las sometimes led to the assumption that somo seorot 
?as possessed by the workmen which is now lost, but a 
omparison of the analyses of the mortar with tlm tie- 
criptions of the method by ancient authors gives nt> 
round for such a supposition. The good quality of the 
aortar is due simply to the thorough burning and line 
rinding of the lime, and the very thorough mixing of 

he slaked or “ tenqKjred ” lime with the sand. We know 

♦ 


* A. CJhoixy, I’Art de lidtir eha le» Kgj/ptient, Paris, VmH. h. J. Vliait 
orkmH Cimem CWmiw#, Burls, 1828. states that whilst tb« mortar of 

' ^ Impora gypsum, tru« linm mortar Is 

et with at Idftt and «li®wb«re. An analysis »! mortar from flu* tiroat 
ymmW by W. Wallace, Chrm, Nem, 18SB, U, m, shows it to mmtahi 
S 6 por mit of ^loJttm sulphate, and only m por oont. c»f tlm oarlsmato. 
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that this, the ess^tial operation of building with mortar, 
was not left to jltoskillcd lalmuroi's, but, was lh<.» HjM'ttial 
task of the mahter. The subsequent history of building 
abounds in exan|plcs of difterotices ip the permanence 
of brickirork and masonry due tq difibrenees in the 
attention paid to this all-important point. 

Both the Greeks and the Romans were aware of the 
fact that certain volcanic deposits, if finely ground and 
mixed with lime and sand, yiekloti a mortar which not 
only possessed superior strengih, hut was also capable 
5 “, of resisting the action of water, whether fresh or salt. 
The Greeks employed for this purpow? the voleanie tuff 
from the island of Thera (tjow called Hantorin), anil this 
material, known as Santorin earth, still enjoys a higli 
reputation on the Mediterrmean. The mortar wsed at 
the present day by the peasants of Santorin-—«a MmkI 
destitute of wood for building^—is identical in its eom- 
position and ^l%aration with that of aiiekmt times.* 

The corresponding material of the Roman biiiMere was 
the red or purple voleanio tuff found at different points on 
and near the Bay of Naples. A» the b«it variety of thi* 
earth was obtained from the neighbourhood of Poiamll or 
Pozzuoli (in Latin the material ac<|iuroil the 

name of Pozzolana,^ and this designation has lioen ox* 
tended to the whole cl««i of mineral matlew of wbieh it 
is a type. Vitruvius «4ys of its* “There b a Sjieeiw of 
sand which, naturally, {KMicmH extraordinary qualities. 
It is found under Bails and the territory in the neighlsair- 
hood of Mount Vesuvius; if mixed with lime and mhhie, 
it hardens as well under water as in onlinary Imildings." 

If volcanic earth did not happen to l»e avaikblo, tlw 

> M, Gary. MiU. k. Maim4d'P*f^. IW, 2i, 11. 

* 'f hto *pelll»g I* to bfl pwf«wt4, m holof itHi woderii l»«M»n t»m. 
It is adoptiKl by tho New ml will b# o«|4«ywl 

throoghout tho iwwmt wortt. OOm lwiii% 4 im» w»laly 1^ Kirwrii <«#« 
enoe, ore pemuNam and pmmbmth < 

Bk. it kt, Ingilih liwMtatte hy JoM>t* G*lh. |/nwto, |*i«6 
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Romans made use of powdered tiles.^or pottery, which 
produced a similar ejffect. ^ To (juote^^itruvius^ again, 
“ If to nver^ or sea sand, potsherds ground and passed 
through a sieve, in the proportion of one third part, be 
added, the mortal: will be the better ft)r Use.” It is re¬ 
markable that the word “cement” in its Lat»Latin and 
Old French forms was first employed to designate such 
materials, now classed as artificial pozzolanas; its mean¬ 
ing then changed to denote the mortar prepared by 
rnixing the three ingredionts, and it is only in recent 
times that it assumed its modern meaning. 

The Romans carried their knowledge of the prepara¬ 
tion of mortar with them to the remoter parts of their 
Empire, and the Roman brickwork found in England, for 
example, is equal to the best of that in Italy. Ground 
tiles were the most commonly used ingredient, but in a 
few districts deposits bearing some resemblance to the 
natural pozzolanas of the Bay of Naples were found. The 
use of the Rhenish volcanic tuffs known as Trass* was 
probably introduced at this time, and this material, like 
pozzolana, is still very largely employed at the present day. 

A gradual decline in the quality of the mortar used 
in buildings set in after Roman times, and continued 
throughout the Middle Ages. Saxon and Norman build¬ 
ings, for instance, constantly exhibit evidence of badly 
mixed mortars, often prepared from imperfectly burnt 
lime. The conclusion appears certain, from the examina¬ 
tion of French buildings,® that during the ninth, tenth, 
and eleventh centuries the art of burning lime was almost 
completely lost, the lime being used in badly burnt lumps, 
without the addition of ground tiles. From the twelfth 
century onwards the quality improves, the lime being 

^ Bk. ii. chap. v. 

2 Formerly Tarras, a word of Batch origin. 

E, E. Viollet-le-Bac, D%ct, rcifisormS dc VA.TchitcciMT6 FTCLncaisQ 
'ol. vi. p. 402. » » 
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well burnt and well Kilte<l. Aflor thu 

oxcolloiit niorl.iir in fouml, ami llio \uui t!\>- 

dcntly taken of washing iho sand free fr«»!n iidlnTing dirt 

or clay. 

The torin “ cement" was commimly iqiidiMl at Hus 
time to the mortar, as for iimlaiice in the work, wi much 
used as an authority in iiiwlioval and later tinn«, th« 
De Proprif'fntilmH Ht'mm of Bartholomew Anglimn, i«» 
' which we read : “ hymo . . • ia a stono hnmt; liy iiunllynKe 
thereof with Hondo and water Hcinotil is rnialo."' Tlio 
word “ mortar ’’ was, however, alwi crnployoil as early a« 
1290.« 

The liomaii mixture of lime and natural or artilleial 
{K)/.zolana long rotainial iUi tsisitMin a« lh« only iuitahhi 
material for w«>rk under or Bxjswatl to water. Tliua 
Bclidor, for a long time the prineijial authority on 
hydraulic construcjtion, rooommenda an intimale mixture 
of tiles, stono ehi{H<, and wjalos fn»ttt a hlaekaiuith** foiTge, 
carefully ground, waKhed free from ooal and dirt, driwl 
and siftwl, and then inixe<l with freshly slakeil lime.* 
The same author iiientiotis the use of poawdami or linwi 
where such materials am availahin. It is romarkahlo that 
works on Building, oven as late as qucito Vilmviim 
as alnnwt the sole auth<irity on the mixing of mortar, 
whilst St. Augustine* is citwl for lietoib of the slaking of 
lime I 

When we ooine to more nxtent ttmi.% the most im{Mitt« 
ant iMlvaiice in the knowledge of ooinents, the forerunner 
of all modern invent ions ami diseov-wnos in thise«niM«)tiMn, 
is undouhtetUy tho inviwtigathsa cauniod out hy John 
Sineaton. On lasing eallod upon in 17110 to oiwi a new 

^ tMm of f!« ir^ «f lift wupi to ttn Mm 

. _ ikmM&t, jm 

^ r -ff ./1»k. 
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stone, known as septaria, found in certain Tertiary strata, 
was made in 1796 > The product thus obtained was given 
the inappropriate and misleading name of Roman cement, 
from its hydraulic properties, although it in no way 
resembles the Roman mortar. Being a quick-setting 
cement, it was found useful in work in contact with 
water. About, the same time, a similar natural cement 
was prepared in France from similar concretions found 
near Boulogne, and deposits of “ cement rock,” capable of 
yielding a hydraulic cement on calcination, were found at 
Rosendale and at Louisville, in the United States. It 
was not long before the American natural cement industry 
attained great importance. 

The investigations of L. J. Vicat * on hydraulic lime 
led him- to prepare an artificial hydraulic lime by calcining 
an intimate mixture of limestone (chalk) and clay, ground 
together in a wet mill. This process may be regarded as 
the principal forerunner of the manufacture of Portland 
cement. 

It was in 1827 that the original patent for Portland 
cement was taken out by Joseph Aspdin, a Yorkshire 
brickkyer. Aspdin’s proposal was to mix lime with clay 
or argillaceous earth with water “ to a state approaching 
impalpability,” to dry the mixture in a slip pan, and to 
calcine it in a kiln “ till the carbonic acid is entirely ex¬ 
pelled.” The name Portland cement was given to the 
product from a fancied, resemblance of the colour of the 
cement after setting to Portland stone.* 

The process thus described is incapable of yielding a 
cement of the kind now known as Portland cement, the 
temperature of calcination being too low for the chemical 

* Patent by James Parker, of Northfleet. 

* Jkoherclm expirmentales, Paris, 1818, and the later work already 
cited on page 3, 

* The patent is reproduced/with notes on the history of the industry 
in England, in Concrete and Comtr. Mng., 1908, 2, 456. 
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reactions to proceed to completion. This defect soon 
became obvious, and it was not long before the practice 
was adopted of calcining at a higher temperature. The 
Portland cement industry, which has spread from the 
original works at Wakefield and on the Thames, has now 
become world-wide, and has assumed enormous import¬ 
ance, particularly in England, France, Germany, and the 
United States. 1 

All the varieties of artificial hydraulic cement were at 
first employed solely for work exposed to the action of 
water, common lime mortar being used for brickwork and 
masonry above ground. Gradually, howevei", Portland 
cement has succeeded, in spite of its greater cost of pro¬ 
duction, in largely superseding lime mortars and natural 
cements, even for such purposes as these. The homo¬ 
geneity of the product, owing to the high temperature to 
which it is heated, and the possibility of maintaining a 
constant composition by controlling the proportions of 
the two ingredients of the artificial mixture, are advan¬ 
tages which have enabled Portland cement to obtain 
precedence over all its rivals. Its production therefore 
increases relatively to other cements as well as absolutely. 
In a few regions, the abundance of local deposits cap¬ 
able of yielding a satisfactory natural cement gives rise 
to an industry of considerable importance, but even here 
the tendency is for cements of the Portland type to gain 
ground. 

Within recent years the improvements in the kilns 
and mechanical appliances of the industry, and the 
improved knowledge of the limits of composition within 
which a satisfactory product can be obtained, have led to 
the production of cement which is as far superior to the 
Portland cement of a few years ago as the latter was to 
the early natural cements. There is no reason to suppose 
that the limit of improvement has been reached, or that 
great further advances, both in appliances and methods. 
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may not yet bo ma<lo. A few of tlm ciin-irtioiiK in wlilrli 
sucli advances may possibly lake plaoe ure indit’afi**! 1»»' r. 
A chronological table of the most iin{wirlanl iliwovorirs 
and inventions in connection with eeriicnt is given in iho 
Appendix. 

The use of concrete, an artificin! uongloinirralo of 
gravel or hrokou stone with sand «inl linio or (n’mrnf, is 
also of groat lUititpiity. VitniviuH i(, and 

Pliny 1 tinis refers to the conslmotion of cistemi*;—- 
“Cisterns should be ni^e of live parta of pure gravelly 
sand, two of the very strongest (|iiiekli(ii«!, and fragiiienl* 
of silex ® not exceeding a pound each in weight; when 
thus incorpratol, the liottom ntwi sitte slum Id Iw well 
beaten with iron ranimeni.’' A form of conerel® iiimio 
with broken tiles ww much employed for pavomenta, anil 


Much of the test concrete ww ra^lo from brokon liriok, 
lime, and {Kimdana, whilst in largo works voleatiio Itiflf 
generally took the place of hrick. Tho groat vaiilta of llio 


are of tuff and pois^dtuia coneroto thinly 
whilst the dome, 142 feet 6 ineb«fi In ami 


a «emi4«Ml eomlitioi!. Tho {tronont oowiiti 
Roman buildlr^ of this olaaa ia a mffioient I 
the excel bnee of tho maJtoihd. 

Concrete wa« abo omployod In littiWingwi 

' //;*e Milt,, uk saoft m, 

^Kottw 

'* J. ir. MMi0m, iNp, Mt, otii ote, toi. jfx. n 





*1 





THK iiisToiJV OP c!AU;auK(H?h ckmknts m 

out. thi4 itifiiidli! Agm, Inti letm ityiilotrialiBally, itiiil with 
losa Ilf tho tfiatorial, than niftier llio Huniiiiw. 

Tlio early ChriMion Chiirehi» of lintiio lia^'o euiieri’ti* 
wallft, wliilut, exafii|))oa of the itatiie motlo of eonalrui’li«<ii 
ill Kngiittifl are tCi’iiiln! t'aalle* anil Corfu C?mill«, ii Saxon 
atniuinru, frntn whieli Smoatun tlarivuif llio kl»n of iwirig 
iMiiierute in ungiiiiH>riiig worku, Miiuli of ihu coneruto in 
finaliitvul ItiiiMiiigN in of very inferior f|iiality. It w wil 
iiiiti! (jnilo iiiiKlum litrtm that it again aaiitiinox imfMirtaiit’e, 
being laiiply utilbotl for the fonntlalionii of briilgea, mul 
for emiianknientii atnl oih«‘r marino or river work*. A 
great im|}ulii« was given to ila iiao liy llio inlrtaltielinn of 
Portland neineiit, and in roi;i*nl year* eonereiti nioiit! with 
eoinont, or in oxeeplionai camw with hydratilie lime. Iiiia 
fKseniiied » very ini|Mtiliitil |>la»;« itniong btiilding, «n«l alill 
more among ongintMiriiig, nmleriala. Tin* invention of 
reinfottwl oonarelo, a tnalerinl in whieli the reniatoiMJii to 
*aim|)reat<ion of ivtfll*mix«d and Inirdoiiett eonerute in ntfin- 
biniai with the lonitile atrenglii of ateel, hon inureaMNi lh« 
)irodiietioii of the material, and inui hod n far-reaoliing 
eflWl in bringing almni a atewly improvement in llm 
<HiaJlty of oomenl, 

A* the dwniajid for Portland cetnelit, mjioeialiy m an 
ingrialient of ctnwrele, ift«rMii«e»l, and the reijiiirpnieiit* of 
engintwni isalletl for a mow }a>rfect material, it l»ee»mo 
in«r»»*ingly diwiralde that alandanla of ijiinlity ahoiilfl tw 
net by whicli any winnignimiiit wiild tie judged after llm 
la^rformaime of eerlalii agreed twto. In thi* way utattdard 
a|iiwifietttiotiii have arinen in meet eoiintrieo, *«»m«liMn*i* 
iimler oflbiid aiwpwi, Imt more often aa iho work of 
voluntary organiortltiti* of otiginoeni anrJ eomuiment, or of 
iMWwIiitloiiii of cement tnanitfaeturem, Thnt in uno In tiwat 
iJrllain, aiifl known mt the ftrilkk Btantlanl SjawHittalioti, 
WfM4 drawn ii|» in IWI the ingiiieering Standanla 
limmiiitw, and rwisid in 1907 Mid 1010. The aermati 
» /mmt., mt, IM, I**. 





of Gorman PortUuin Coinoat Mumitncturors. All wn:li 
specifications arc liaMo to rovision from tlliio to l iim*. flm 
alterations made being almost invartiibly in ihi- 
of increasing tho Htringcnej of the ri'ijiiiromenlu. At lli« 
same time, tho host (|UaIitioH of eotnmtiroial oemoiil very 
commonly more than fulfil tho oomlitioiiK of l ho oflioial 
specifications, and it is not uncommon for cnginoors iiiwl 
contractors, especially those cngngctl in reinfomwl t:ijncrrl«( 
construction, to make tiso of private sja-oifioiitions of 
greater striiigenoy, and ohlain from timmifaeUirers 
cement of the improved quality desirwl,' 


The scientific study of cements is of ipiitu reiienl dait*. 
Even the oarliwt authors dealt with th® theory of getting, 
but their explanations were natundly of an «Etwiii»ly 


make any original contribution to tho sulijeot, is only obi® 
to suggest, in explanation (£ the imiiJoitios of mortar. 
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rptnarknhb ox|»criinoMt#i, in whinli !i« hlmwKil 
tluU t!n> liimm i»WMl ihcir jmfpriiia !** 

UiK' i;hiyi»y aiiwiituiftila «f lhi» limwUino, w«rt! **f fiinfiti' 
iiHiiiiil imjHirtiiiiije fur ilio nmltirHianding of iIim iiHiuropf 
?*nt thuy rwM'ivMl liiilo nticinliun fruin 
Tko liyj*»ih»»i« »»f Ikjrgiimtjn,' mifiigiiing th« hytiraniio 
jirujMtri i»« uf wnmnU lu lli« |»ri'wnc« uf nmnganifm? 
althuug}i nil iho liiitling uf wiiiio iiiaii- 

gaiicMJ in tt Ityifriiiilio linii>, wiw guiiurttlly »i«l 

ww only wvwrlhroirii by ihe work of C wlm 

|»rov«l iliat the bnniing oonvertoi tho ailieft into a lailnblo 
form, and ciuMfciftlly by tho vory thorough ihwrolieal and 
prji<!l!»?al invoirtigatiun* of Vioal,* Tho gn«i rongo of 
iiiatorialH aludioil by thi* author roiidora hia work jwr- 
tfoiilarly valtiabfo. Ilia priiioipal thouroli«ml ouncliiaiuti 
waa that llio »ili«a of llw clay «m tho wwonlial agonl in 
th« hanloiiing prticwe*. On ihit other hand, Fn'my,* who 
faildl to |>«}|>*ro a caloiiim ailioalo with hydraidiu pro* 
|M»rti«ii, but iMicewhal in wl»laiti)i^ artiflnially a iiydraulici 
calcium altiminatc, awtlgBii lli« princijml aharc Ut ih*» 
ahiiiilna- FnPmy'a woiii alao containa an inltjrisiting 
aniicipaiioii of the thiaiiii raalntalmal to-day by llichaidb, 
that tho hanitming of iVirilMwi mtmenl and tho roarstfon 
}ictWf*on ifmo Mol poimolaiia are proocNwai of the aatim 
chiuiilcs! iia*.iiro. Tho |ipoof by J. M, Fiwha* that ipiarta 
anti ulhor fiimia of oryalallino ailioa aie inaolivo, whifot 
tho »nmr|»hotM and hydratral forma Imhavo aa poxioianaM, 
iiiarki?*! a furihor iiiifp in wlvamw, Tho view that 
ailicati* are fornnwl in burning, and aro ihon hydmlya»«l 
by water, yiiddiiig litno ond hytimtod lower ailioaAoti. waa 
pr«tj**rtind«tl by A. Winkler* ami haa ainco fully calabliahtwi 
iiwdf. 

It li tinnoctwttiy, in meh a mirvoy of the hiatrtry 

• Mm, E lilt, 114 . 

• im, m mu 

• il« III. 
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of cement invcstif(ationH, to niontion tho hy}M4}u'H«‘« jiiiti 
modifications of hypothosoH that hiivo Hcon I ho IiKld aiijon! 
the publication of Vicat’s work. Tho two luillior,** wh<* 
have most contributed to tho solution of tho proldmiiH in¬ 
volved aro W. Michai'lis and H. Le Chatwlior! of whom 
Michablis is tho earlier in jxdnt of dato, Iuh first pajaT on 
tho subject of comonts having appeared In IB67,' whilst tho 
French chemist’s first publication dates from only * 
Both investigators have since oontinnod to devote atten¬ 
tion to tho subject, and the acjcotint of the muistiintion 
of cement and of tho process of sotting contalneil in tho 
following pages is mainly haseil on thtnr re«*arehes and 
on tho work <)f others who have duvok»j>«d their ideas in 
other dirotitions. Homo further historical iiotita will ts> 
found bolow, in eonneetbn with mkroscopicnl and other 
methods of investigation. 

Tho following works and memoirs may Is* iv^ferwsl t« 
for tho history of tho manufaotiiro and inv«Ai|i^itifi of 
calcareous cements:— 

Bftueonrt de (tharlovitlfl, 7V«iV«f mr VArt Jam 4» tb«* M-Aim, 
2nd«cln. Paris, t SSS. ^ 

Sir 0. W. Pastey.r/fcniriwtMmiinn l.imf,('nUarrmi$('t>mit>>A*,4x, 

1888. 

Ij. J. Trmim m fJi$tearmi» iMftn md trawiktwl 

with additioM by X T. Smith. Lond<m, 1887. 

Q. A, (liltmore, Pmrttmi Trmtim m IJmm, Hplmnlk rtwMl# Asrf 
Mmiitrii, Mm yiwlt, 1874 (for Anwritmn rnmaait*). 

W. Mloliaislk, iW» hgdmduiiMB Mikki. 1888. 

Koliaffhiiutl, IKngl. Jtmnu, 1^1, m 188, m. 


‘ /. pnM. &mk, 1187,10« 'i87< 
* Gmftt, tmA., 1«»S, 1^. 1088. 




CHAPTEE II 
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THE EAW MATERIALS AND PROCESSES OF 
MANUFACTURE OF CEMENTS 

The foregoing historical sketch has shown how the re¬ 
quirements of building and engifteering construction, in 
combination with .^local geological conditions, have led to 
the invention and" manufacture of a considerable number 
of substances and mixtures capable of being used as 
cements. Some of these products are only suitable for 
use in brickwork, &c., which is exposed to atmospheric 
influences alone, whilst they undergo gradual disinte- 
'gration if submerged in water. Others, the so-called 
hydraulic cements, resist the action of water, and even set 
when immersed in a plastic condition. The extensive use ^ 
of masonry and concrete in the protection of sea-coasts 
and in the ionstruction of piers and harbours also calls 
for" cements which will resist the destructive action of the 
salts contained in sea-water, and further varieties of 
cement, suitable for clecorative surface treatment, &c., 
tend to assume greater importance as the practice of 
constructing buildings of reinforced concrete without 
external casing makes greater headway. The number of 
varieties of cement is therefore likely to increase rather 
than to dirninish, many of the older, and in some respects 
inferior, products being enabled to hold their own by such 
advantages as the local availability of their ingredients, 
their nearness to the place of consumption, or their rela¬ 
tively low cost of production. Nevertheless, the con¬ 
sumption of the products of the highest class continually 
increases relatively to the others, and this relative increase 
appears likely to continue. 
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•• 

The materials to be dealt with may Iw obisailifil it«f4dIowf«; 

1. Lime, prepared by calcining lirtiertonV Th« airnplrt 

term lime is properly confinoti to thorn pnalwij^ 
which consist of almost pure calcium ojtidt.. .ind 
slake readily in contact with water. They yiehl 
the simplest variety of mortal. whm> slaked and “ 
mixed with sMJd or other ia©|fc material. 

2. Hy^fuHc lime, prepare# by aiding aigilliwwiia 

limestone, T^e oMyey sidi^^ which !»• 
present in hydraulid limes of tli» 

property of slak% romiily/lip omfij* 
sot when immorsod in watoi*.’ Th»«ahwe ■ 
classes paM insranfibly into ole anoth’w lllWfiMl 
limes of intennediate oompositbn.* * «,*. i, 

8. Natural cement^ prepared by ealeintng a nata^jr * * 
ocoumng mixtuio of odoMWrtw and aqPaMotif 
BubstmoM sA a tempfflmturn below that M which 
^ , sinterii^ takes place. ** Roman oonieirt** aiid 

“ rock cement" are memben of thia clww. 

4. Portland c^ent is bMt defined In fchi termi ^ 
the British Btandanl Bpeeifieation^ a i r- ' 
duet oMalMd by intimMdy 
oaicMoous and ai|;i!iaoeetta nud^^^niiM 
them at a oUnkeiitig temperataro, iin4^«f|iiiS** " 
the rwtilting elink^. , ^ 'iia 

6. Imt’-Portlaitd cement la a mixture t^BMatKl 

cement pi»|Miml i« above edth gramilatJiMiiit- 

ftimaeoslag. , 

,'fi. CkrannJated Nia|f‘Cemmit* li li/pwaluet’ emiiidittg 
' wholly or principally of gwowlirf®!,! • bai blwrt* 

' furnace sing, ' , ' - 

T. PoKolat^ ittbitaneeeamitet themitelv«i<^^^ 

but when tnixw! with Mmo they fmn x hydraulhs 

' ' a«nerallr knnwn by visrlon# ira^ mtil mm'Im 

SltotLTXX’'' "■*' ™ •"" 








* ' Tfta .^iiitiani^l im very frailtiPiilly 

olfluww! 21"; ednittniM (Jl to U); nmt 

\ . fi^'^miii«ing th«lr mntiufiMttiro and 

■'*““ V*’ ^ «onvenient to do|tart from ili« 

^ ^ Siwign the eWof {>roiiiltii*tto(i to 

.#|#iirl eomenf, jiartly laMamio thia malorial hm 
jui imja.rtanoe in reoent yoam whiob la oim- 
*ilmmlly boreaaing, partly ak> Iwaww it tnm ninoivoii 
' i th© gre^tcat ahare of aobntifl© Mtontion. From it« 

, . diomical wid |ihy«i«»rohftriM»t©r it m h®ttor aiiitod W 

»y»^atl«^'rcitigfttlcm titan my of the Ima well-dofittoil 
'••I',* ^pBiwota, llBllat ita study is ea{MtbIo of throwing light 
‘'"iM **** scientiflo intoriwt stands slag 

*i^»I»ar»tii^©ly now pmlwot, {mMwntiiig maiiy 
♦" problems wWeh still swait ■oliitbn. 

# ** t ♦ • '^**‘^'*^** CUMiMT. 

1*0^1 flomortt is preparml, in all but a fow oxnoptioma 
0 ^, by igmtmg a mixturo of two raw matorials. one of 
whjoh m partly of oatoinm earhonato ami tho 

other of ahimmiwni sUioatos. Tho most typioid matorialii 
Mwiwjrfng to this doseription are limoMimo awl clay, ls4h 
ttf whioh wur m tMut© |n a gieat number of varbties. 
P I ho optitiofi whtoh was «t mm lime held, that tho nmlltv 
.»f the jirisloct was ilepmdesl on the dmirity ami hanl- 

nrit m t** **«*,^f *W®d. hm m |lliittfl«Mtiofi at tlii; 
immmt day, when inipwo«Ma,ti In th« prowssi* of 
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manufacture have clitninatotl tho coiiclitions which gave 
rino to it, and tho cluuoo of a limostojio is now governed 
chiefly hy conHid6rati«>nH of local availa.'bility, dolomitic 
linioHtoneH, however, lasing ^ generally excluded. The 
iruhwtry haw tended h* crfahlish itjsielf in neighbourhoods 
where two Hiiitahle raw materials <»cctir in close proximity, 
as on tho hanks of tho lower ThatiiCH and Medway, where 
chalk and alluvial nmd are Hfie«l, and in the Midland 
oountioK, where the hhi« ya»«tic li«ir»«t€»no is interstratified 
with shale. Analyses ef those arc given in 

Tables I, to IV. ^ 

Chalk is a soft litn«»tone of crj^anic origin, being 
almost (sntirely cotnpeaHai of th® c;»».l<^eons skeletons of 
foraminifora, and is an oxoeedmgly convenient source of 
Umo. As found in th® sotith-eaal. of England it contains 
hands of flinta, which have t«» Iw removed befofe the^ 
chalk can \m mad® Into * tnbiiiro for cement. This 
removal is very simply aaainiplbhcil in blae wet process, 
the flints simply aceumulatitig ilt« l»ofctom of the wash- 
mills, ami l»ing romovwl isuriodlically. The .groy chalk, 
which is also us«l, Is 1« pure, w BtiU to be regarded 
m 8»entWly ealeiam oarbonat®. ^ ■ 

In Northern Kent, th® obyay tnnAorial ’ usedr' togothel 
with whit® ehalk is th® •lliivlul tiittcl of the Medway, 
whilst in Sussex tho Ckalt eUy, which contains aconsidri:- 
ablo pKi|K>rti®n of o^nm ®ariim«t4i, war vo» th^sapte pur- 
p**®. AnalysM of th®*# mitenak aic von in Table III., 
p, 22. lawwo Bmwton® and am M»©d in tho Mid- 

: tods iiwl Swath WitoH h*v« ocsnitojdtiom 
ing te thM» ^v« to TiAlis 'll. IV., but mo subject 
in .;oi)w.l>TaM« varfilto, in» preiicno© of pyntes 
(FitS,) in th« ffiidcriiiii b »advent^©. 

!u !h.' H.,rth.®a40f tib® MBwa-l materials are a 

|<)r;:i! clay, mM&f than tho Medway 

mmi.twd olntlk •© tito wciriPi from the Medway 

ih'.svi-!, ^,r fr.'im fwililHl,. 







J mfrn • • • • • I mM ; 

Ijmm »n iKtiilbn . . j 86^ | 

Similiir m*»li am In Ibn tpol in l^tmatk, 
iitwl itftve «)fiiii(liinyu» Innil imp^^taeo m mmmm ttf 
mtmnl Tim v^m '#f Mteb m mutpmmi vhii 

tltiuMi (btm nirtiiibM aili;tiif«i» b«i bMrt mmh 

* {iImIh, If 0« iMktf Pit . 
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discussed,! but it is obvious that accidental variations of 
composition in the pit or quarry must affect the com¬ 
position, and therefore the quality of the product, in the 
absence of the means of control which is afforded by the 
deliberate mixing of two different materials, the relative 
proportions of which can be varied as is found desirable. 

Several different varieties of raw material are also 
employed in North America. True chalk and soft lime¬ 
stones occur in certain detached areas iii the United 
States, but hard limestones are also used, their introduc¬ 
tion having been made possible in recent years by the 
improvement of grinding machinery. They are used in 
conjunction with various clays, shales, or even, in at least 
one instance, with roofing slate, the scrap obtained from 
the quarry being employed. Chemically regarded, slate 
is only an indurated shale, and is therefore perfectly 
suitable for use as a raw material of cement. 

The greater part of the cement produced in the United 
States is, however, manufactured from highly argillaceous 
limestones, frequently known as “cement rock.” One 
li plf of the total production is localised in the Lehigh 
district of Pennsylvania and New Jersey, where the 
Trenton (Lower Silurian) limestone forms the principal 
raw material. Where deficient in lime, it is mixed with 
a suitable proportion of pure limestone, thin beds of 
which frequently occur in association with it. The 
cement-rock is considerably richer in magnesia than any 
of the materials employed for the purpose in England, as 
it rarely contains less than 2 to 3 per cent. MgO. The 
underlying beds of magnesian limestone are useless for the 
production of Portland cement. Some analyses of eement- 
rook, suitable for the preparation of Portland and natural 
cements respectively, are given in Tables V. and Xll. 

The fact that by-products obtained in several indus¬ 
trial chemical processes consist largely or principally of 
* See S» Habianitsch, Tonind, Zdt., 1906, 20* 
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calcium carbonate has suggested the utilisation of certain 
of them as raw materials for the manufacture of cement. 
Amongst these are the alkali waste remaining after the 
recovery of sulphur, some varieties of which have been 
mixed with clay and converted successfully into cement, 
whilst others have proved to contain too high a proportion 
of calcium sulphate to yield a sound product. The attempt 
has also been made to use sewage sludge in the same way, 
but the physical condition of the sludge here introduces 
serious difficulties in addition to those caused by the 
presence of sulphur compounds and other impurities. 

The use of blast-furnace slag in conjunction with lime¬ 
stone is far more important, but is more conveniently 
considered together with other methods of preparing 
cement from slag (p. 35). 

An outline may now be given of the most important 
methods of manufacture. 


TABLE I. 

Avbragb Analyses of Kentish Chat.k. 



White. 

Grey. 

SiO,. 

. 

FeoO. . 

CaO .. 

MgO. 

HOj . 

Loss on igiiiiioii 

Per cent.. 
0*80 

0*21 

0*07 

55*03 

0*23 

43;66 

Per cent. 
4*59 

2*64 

1*33 

50*70 

0*29 

40-45 

. 

100*00 

100*00 

Calculated— 

CaCO, . . . . . 

98*25 

90*55 

MgOO,. 

0*44 

0*56 


















THE CHEMISTKY OF CEMENT 


TABLE II. 


Average Analysis oi^ Blue Lias Limestone. 


TABLE III. 


Analyses of Medway Mud and Gault Clay, 


Medway MudJ Gaxilt Clay. 


Isoluble salts 
Alkalies and loss 


100-(XJ 


Brincipally x>rosent as calcium c;xrboiiabc. 



Per cent. 

Sio,. 

11*39 

Al^Oa. 

3-47 

^^2^3 ....... 

0*66 ' 

OaO. 

46*34 

MgO. 

0*50 

SO.J. 

0*90 

FeS, . 

0-37 

Alkalies and lu*s .... 

37*47 

Total. 

100*00 

Calculated— 


MgCds. 

80-97 

l-Ol 



















THE MATERIALS AND PROCESSES 


23 














24 THE CHEMISTEY OP CEMENT 

The raw materials are incorporated to form a homo¬ 
geneous mixture by either the dry or the wet process, of 
which the hrst is applicable to every class of material, 
although perhaps not to all with equal convenience, whilst 
the second is only applicable to friable materials, of which 
chalk and Medway mud are the most typical. The second, 
as being the earlier in date, and that still employed in the 
original home of the industry, may be described first. It 
is characterised by yielding a more intimate mixture of 
the two kinds of particles than is attainable by any other 
method. In American works the dry process is steadily 
superseding the wet. 

Where the wet process is employed, the materials, 
such as chalk or marl, and mud, are thrown into circular 
vats, commonly made of concrete and sunk beneath the 
surface of the ground. A number of radial arms, attached 
to a vertical central spindle, carry iron rakes which break 
up the lumps of solid matter as the arms revolve. The 
attachment of the rakes to the arms is not rigid, but is 
made by means of chains. The quantity of water ad¬ 
mitted is so large as to render the whole contents 
sufficiently liquid to overflow through a coarse sieve into 
another vessel. The flints present in the chalk remain in 
the niixing vessel, and assist in the reduction of the 
materials to a fine state of division. Where somewhat 
harder materials are used, this apparatus is occasionally 
replaced by submerged edge-runners. Tire liquid cream 
kiiown as “ slip ” or “ slurry ” is passed through a wet tube- 
mill to complete the breaking up of the coarser particles, 
and is then, if thin, transferred to settling tanks, where it 
can free itself from a part of the excess of water. In order 
to ensure unifonnity of composition, largo mixing vessels 
are now used, in which the charges obtained from several 
wash-mills may be united and continually agitated by 
^ mechanical means. Slight vaorfations in the composition 
, of different charges tite equalised, by the use of such 
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tLe capacity of which is sometimes several hun- 
; tons of solid matter. The finished slip or slurry 
3 the chalk and clay in a state of such fine division 
.y 2 to 5 per cent, is retained by a sieve having 5000 
per sq. cm. (180 per linear inch). The quantity 
* employed depends on the character of the raw 
I, amounting to as much as 86 per cent, if much 
land is present, hut being little above 40 per cent, 
oft chalk and mud or clay are almost free from 
ical impurities other than flints, 
heating in stationary kilns, it is necessary to dry 
ry, whilst it may be employed directly in rotatory 
3 described below. The drying is accomplished, 
sake of economy, by means of the waste heat 
f from the kilns, the pasty slurry being spread on 
rs of drying chambers heated from below. Like 
der similar conditions, the plastic mass shrinks 
in drying, and cracks into blocks of a size con¬ 
fer handling and loading into the kiln, 
dry process, of which a number of varieties exist, 
>s with the use of water, and brings about the 
nation of the materials by grinding only. To 
satisfactory grinding and mixing, the limestone 
lie or their equivalents are dried after having 
arsely crushed. Vertical drying stoves are being 
y replaced for this purpose by inclined rotating 
33. Materials containing a large quantity of water 
■o bo dried and utilised satisfactorily in the dry 
The materials are now weighed, mixed in the 
ons indicated by analysis, and ground together. 
Lis devised for the grinding of hard substances 
a great diversity of type. Millstones have been 
abandoned, and modem mills have grinding 
of manganese steel or chilled iron, the moving 
having the form of pendulums or of heavy balls 
by centrifugal force against an outer horizontal 
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ring, or of rollers kept up to tl^e ring by strong springs. 
Tube and ball mills, bi which flints or steel balls are carried 
upwards by the motion of a rotating cylindrical container, 
and fall back on the substance to be ground, are also very 
effective. The fine powder is separated from insufficiently 
ground particles, either by passing through sieves or, in 
some modern plant, by means of a current of air. 

In this process, again, the subsequent treatment of the 
mixture depends on whether stationary or rotary kilns 
are to be used. If the latter, the powdered mixture is 
introduced directly into the kiln, but where the rotary 
arrangement has not been adopted, a much more com¬ 
plicated treatment is necessary, owing to the impossibility 
of heating a fine powder in an ordinary kiln, which re¬ 
quires compact blocks between which the hot gases can 
pass freely. The powder is therefore consolidated by 
moistening with water, usually to the extent of 8 to 10 
per cent., and forming into bricks by pressure in a brick¬ 
making machine. These bricks have then to be dried 
again by waste heat. In some Continental works, slurry 
made by the wet process, which has become stiff by long 
settling in tanks, is also moulded into bricks. 

The dry process can be carried out with greater 
economy of fuel than the wet, as the large consumption 
of fuel required to evaporate the water used in preparing 
the slurry is avoided in the former process. In spite of 
this obvious advantage, the dry process has not succeeded 
in displacing the wet one completely. Local conditions 
have to be taken into account, and where the raw 
materials at hand resemble in character those employed 
on the Thames and Medway, wet mixing has certain 
important points in its favour. In the iirst place, the 
chalk contains numerous flints, the removal of which is 
necessary if dry grinding is to be employed, and this 
removal is a troublesome and costly operation. These 
flints are actually of service in wot washing, as they 
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THE MATEUIALS AND I'HOC.'KHSEH 

ansiKt in Irilumting iho tiinUsriu.!, luwl iiro airily rfiM«>v« 4 
wh(tii I, hoy liHvo a(!(:tiiiUiiiiUi<cl. 8iJB«»*i41y, llm Hlliiyiiil 
uiu4 «*f tlio Moilwiiy, and dojKisilM wliiali rumsiiiMw il.nrii 
«xlrt*ni«sly sticky uiul UjiiacHiiiH, artel the mowlttru ia '‘«4y 
removal from llioiii with great difiieulty. Hanl litiu aloiio. 
on the oilier hand, njijiiireH dry grinding, iiml wlioro thin 
material and HhaUi are ciindoyotl, llio «lry urotawa of 
maniifiwitnro ia thu tiuliiral one to adopt, hut it «h«sa n«»l 
follow that it ia the hoat Hmlor all circiiinaiancwa. 

The ignition of the raw material, if alalioimry kiliiw «r« 
used, in wHiduotwl l»y tiieana of rsoko. Thu okl-faahioniil 
typo of kiln, still to i>o seen in attiall worka, is roughly 
conical in form, an«l ia chaiigcel with altwrnalo layoinNi of 
coke and lum|« of driwl slurry or piwwwl hrioka. t'oin- 
biistion i* maintainwl by natural tlraiiglil, and llio wlu»Ie 
pro 0 «« of burning laiita four or Hvo days. The «oi»tim|t- 
tion of fuel i* naturally very high, «id iho toniporature 
variwt groatly from one j»rt of the kiln to anoiliur. In 
the improve fomw of vertiod kiln, tho eawaping hot 
gaaoa through a chanilier eontalniug the wdid raw 
material, which m thiia i4rougly hwbwt latforu entering 
the actual mm of oomhuation, whihrt. the iiniahetl olinker, 
acomnulating in the lower part of tho kiln.gtvea up n»u«h 
of ila heat to the «r pamiiig through on its way to the 
layora of fuel, this i^nerative effoet reaulting in a groat 
economy of fuel. Thi« Dietaaah tyfio of kiln ia iditl ereotod 
where iho c|uaislitim to tie dmdt with are not Hutliuieiitly 
latgo U» justify tho oniploynient of rotary kilns, with thoir 
hugely iiicreaawl oulpiil. tia aolion ia eontinuoua, 

AfKither typo of M.alionary kiln, tho Hofilriaiin ring 
kiln, wm laiiTowed from the briek-inaktt^ itwluiary for 
(ipplioatbii to tho ignltbit of oement. It eonrisHi of a 
mmm of chamhew, in an otd ling, awi ooiii* 

munieating with a <mtral obimiiey. i^el and brieka, the 
latter Iwiiig rtaeked so a« to allow i;^ to einsiilato frwfiy, 
are plioaal In the ehanben. Wbei^er the eontenta of 
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one chamber are at their highest tomjwrttliiro, iho 
ducts of combustion aro pa»»ing thrcnigh sevoriil clwitiln’r* 
jusi in advance of it, and healing thoir conlcnl* to iho 
temperature required for combustion, whilst its »u|iji|y of 
air is being drawn through several charnlwrs iiiiiiie<liat'( ly 
in its rear, which arc in conrae of cooling down after Iwing 
fully heated. At the same time, some eharnbow in oilier 
parts of the ring are being chat^d, and others emptied of 
their contents. The process is oonlintioiis, and the »uie 
of combustion travels progreiwvely round the ring. 

The product, which has boon heated to the Mtilorii^ 
point, at which paitial fusion of a small proportion of 
the mass takes place, (^inenliiig the iitimelted, pfutielea 
together, is call^ “elinker." If oormstly biiitii, it in 
extremely hard,0ompaot,al^ugh oontairiiiqf iiituiniembb 
minute pores and ps oaviti^, and dark grey in oolour, 
with a flight blue or {preen idiade. Owing to uiioqual 
heating, stationary kilns are always found to oontain a 
proportion of under-burnt elinker, whioh baa to ho removoil 
by Wd-ptoktng when the kiln is lieitq; emptied. It was 
formerly thought that cement elinker might also be over* 
burnt, a state of things iwemliling the ” dcaui-biimiti^ ** 
of lime or plaster beir^ brought aboul. Iltb tdeii Is s 
mistaken one. ^vid^ that the eoin|MMition of elinker 
is correct, it Is not iniJured by lArm^ly heating, even to 
the point of fusion, Although its spe^ cd s^tii^ may lie 
modlhcd thercl^. Should the overtmdii^ oceur In eon* 
tact with hrebriok or othw sold msteriah however, irilim 
is taken up and a |^y. Mid peodw^ is formed, whM b 
without Talno m a cem«Bt, “ 

The moKi, intjs.rtaiA tdvMHm la eeoMmt ntsaursidnm 
which has ficcn niiidc in femt |wait b rtw intfodiieiion 
of tho fdt.'iry kiln > in pliM rtf the bnllrtnsfj type. The 
' ObJsutioRD iMve taMapmiil ihssMrtlUs wmI •* mimrft"' mt4 

••ralaliiry '>M«U'Sl»|Hr«ttMi»4tehS|gSaS, IlSllMlieriMWI h, MWWNW, 
lli>; it; ]«jiii ot ^ IliiM tS tS pHj i md «• iSfWelw^l 
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action of tlie rotary kiln is continuous, and the duration 
of the process is enormously reduced, the raw materials 
entering the kiln at one end and thoroughly sintered 
clinker passing out at the other. The kilns are cylindrical 
in form, built up of steel plates, and supported in an 
inclined position by friction rollers, being slowly rotated 
by means of toothed rings. The fuel used in the earliest 
forms of rotary kiln was producer gas, but this was soon 
abandoned, and at present, whilst some favourably situated 
American works employ petroleum, and a few others 
•riatural gas, the most general fuel is powdered bituminous 
coal. The coal is first thoroughly dried by waste heat, 
is finely ground in pendulum or tube mills, and is then 
injected into the lower end of the kiln by a current of 
compressed air. Very thoroilgh combustion takes place, 
and a high temperature is reached near the burner. The 
ash of the fuel is carried through to the chimney by the 


escaping gases. 

The lining of the kiln must consist of a highly 
refractory material. Ordinary siliceous firebrick is un- 
suited for the purpose, owing to its tendency to react with 
the basic clinker. Even if the acidity is reduced, and a 
highly aluminous firebrick used, the lining is still liable to 
fuse in contact with clinker. This was one of the principal 
difficulties encountered at the time of the introduction of 
the rotary kiln into the cement industry.^ 

Bauxite bricks are chemically satisfactory, but are 



very weak and friable. Magnesia bricks are very resistant 
to heat and to the action of clinker, but their conductivity 
for heat is unduly high, so that the steel casing of the 
kiln sufiers, and their great expansion on heating and 
contraction on cooling cause them to break or fall out of 
place. The difficulty has now been overcome by pro¬ 
tecting the firebrick lining with a coating of cement clinker, 

^ W* ir. Stanger and B% Blonnfc, Proc. Ivts^ Civil Eng,, 1901, 145, 
discussion. • i tr I 
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which is rammefl into place while at the full WfirkitiK 
temperature. The chemical interaction with llm fire¬ 
brick causes the inner and outer linings to 
intimately united, and any defaeta which develop arc 
readily repiired by means of clinker. A firebrick e«in* 
taining a relatively high proportion of alumina is most 
suitable for this purptm In America it is cimtotnary lo 
use bricks containing m much ns 40 per cent, of alwmiria. 
The mixture of materials entem the nyliiidifr at tint 
upper end in the fora of semi-liquid slurry if ilio wot 
process is used, or of powder if the proctw is a dry otio. 
The tomperaturo increanes progressively from lli« uppr 
to the lower end of the kiln, and the imoltona ooetirrir^ 
In it may be divided into thrao amea. In the Hnt the 
materials are mmpiy drie4t the nioiid.im being mnoved 
by the hot products of wtnhiuim, «id Mmed away to 
the chimney. In the Mooa^ any oi^piiio m»Um 
derived from the clay is burnt off, and tho tomperatiira 
rises iw far (above 800**) that the ealoliiin oarijonato In 
deoomposed into carbon dioxide mwI lime. In the thiwl 
stf^e the lime thus formed rMmts with the alumina ami 
silica of the clayey matters prwont, praduelng k rintored 
mass of clinker, which em^te the mmplex satsAaiieni 
compasitqj Portland cement. The tomf^ralure 
reached is near or above 140r. Hie eUnker Ium tbe 
form of granules of the dm of pmm or father lai^. 
It woapos at the end of the kiln, ami pases ihmiglt 
cooMng oylindew, where it gives tip most of its heat to 
a current of air, whbh Ii employed tor the Mm*, ttotw 
inctcMing tiie effieimey of tbe ^ • 

Hie rotary kiln hi dM%Md tor eentbuoiM vwrWpg, 
t aml for duality with hup qtumtRlMi M matorial it a 
tli^. It reqtitrw ampfo stoiiip-feom ha «d« to enanw 
unitttemjpted' working,,, Ovdng to the unllbrtwity 
pfratum witbltt a g^vp mm ef kOti, pwatieelly ilm 
whole of the clinker tot^pidly bui% ifid.there aro tw 






ronpeciH tliere ih iici oMietitiiil fiirttreiio© mmmm i#nii | 

of the twc» ferniH of kiln except that the B»h 


whilst, this is lost whim the rotnry kiln i« n*e< 
ln) shewn hitnr, this rliflhrimoo is of iinpfirtfttici 


it ilocw not cftiisofttiy ftirwlaiiiontal distinction f»otw 
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features only of the procws of inaniifacHiro of PortkinJ 
cement, so far as is necessary for an iinclor«iiiiHliii|; wf 
its properties. The mechanical details, for which ri'fi*r- 
ence must be made to special works on the subject, vary 
with the naluro of the materials dealt with, the hwn! 
conditions of lalwiir and transiawt, an«! the dale at which 
the plant was laid down. In all modem work* the 
handling of the raw materials and clinker is imiirely 
mechanical, bjr mewis of screw oonyeyen^ hmjkrt »1«- 
yatom, and similar contrivanaac Provision is aim* made 
in well-arranged works for the withdrawal and collnction 
of the suspenddi dust, which mm foraierly so ohjeetion- 
ablo a characteristic of cement works, loading nf»i only 
to unhealthy conditions witMn the hulldinp, hut poimm- 
ing and dis%uring the whole neighbourhood In wltioh 
the industry was mmoA on. By the aid of exhaiiiMt fMui 
and dust-collecting appa^us the air is tmw kept free 
from dust, and a ^nsld^Ie qiianyty of conient, whkh 
was formerly wasted, k now »v«l to the maituraoluiwr. 

Analyses of some typical British, German, Msi Amori- 

can Portland cements ace given In Tables VI., VII., and 
VIII. ’ 

WI. 

AsAi.vnBt or tsatms l^imasn Ow^pi. 


<1. I|(j» 

t.I',.,#, J 
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1. is tho inoati of two vary siiriiiar ootnantft from Kotil, 
fl., UI. arc also Kontish brands, and aeiiiont IV. is from 
IJodfordshiro. V. is an uvorngo analysis of rotary kiln 
(joinont, hij(li in liino. 
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Tho ordinary Fortland cemont has a gTofninii-ffnj 
colour, and after sotting yields a more or less hniTw*lonri;d 
mass. This property oxehides its use for omajnenlal 
purposes nnloiw the surface is 8iil>8et|Ui*ntly treatwl with 
some other preparation. For this roaiam, aiiem|ii* have 
been made to manufacture white Portland ecment, and 
several suoh prefwrations are now on tho market. The 
firstconditionof obtaining a whit® product is the exoluaion 
of iron from tho materials ttsed. So far a* tho raw 
materials are concern^, this ha* boon found quite practi- 
oaMe. White chalk atid cerlaiti variotiiis of limestone 
may be obtained, twntaining not moro than the faintest 
traces of iron. The mipplies of miitahlo clay are timeh 
more limited, being ehiefy eonfined to kaolin (China-elay) 
and felspar. Cryolite (sodlttm aluminium fluoride) is dtoo 
addetl The presence of veiy small quantities of man¬ 
ganese is said to have a marked iiiflitenm on tho eobur d* 
products of this clam, "ftie principal difficulty which is 
witoounter^ In tlmir manuteure is the exclummi of 
contamination by iron dunrqf tho prncaases of mixirq^i 
huming, and grintUti^. Psrticubrs of tho methtsis sottia) ly 
adopted are not ftsulily aviuiable. but the fact that Port* 
Imd cements, setting to form a mass as white as plaster of 
Paris, are now oontmmuiaUy obtiuniffilo, shows that the 
dlflioultles mentioned have been ovmmme., 

’ Cmhh*. 

A material di&rit^ bl cttrtain fesfechi fimt Poridaisl 
mmmt, whilst boiongiim to the Mrnte chwit, is the so-plleil 
irfm-ore cement, whieh has 'mm^y attracted awdiiuMi 
outside of its orii^nal" hmwe, Qermaity, owii^ to the 
'decision' to employ it ia qtiaittitim in tb® eon*. 
stmctlon of the Panama Cwri, tUi deeymi 
on its power of resistance. M.y ^wsicr, Tb^coBient is 
preparetHn the same maimer Ml fmtlaml ceiif«it,tbo clay, 
in the original miaturo l»t*hig replacwd'wholly or partly t.*y 
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iron ore. Although such an admixture was proposed as 
far hack as 1854 for the purpose of improving the qualities 
of cement intended to be exposed to sea-water, the manu¬ 
facture was found to be impracticable until after the 
introduction of the rotary kiln, as the high specific gravity 
of iron ores renders their incorporation in the wet way 
impossible, separation into two layers taking place, whilst 
their lack of plasticity prevents them from yielding the 
coherent bricks required for the old dry process. These 
difficulties disappear when the materials are fed in the 
form of dry pow€er into the rotary kiln. The cement thus 
produced has the following composition; ^— 


SiO, . 



. 23*26 

A1,0„ . 



1*67 

PeaOa . 



8*20 

CaO . 



. 64*84 

MgO . 



0*66 

SO3 . 


• 4*' 

1*08 

99*71 


CjEMENTS FEOM BeAST-FURNACE SlaG. 


The slag obtained as a by-product in the manufacture 
of pig iron in the blast-furnace has, as its essential com¬ 
ponents, the same oxides as Portland cement, namely, 
lime, silica, and alumina. As the slag is mainly a waste 
matter, the production being far in excess of the small 
demand which exists for it, the prospect of converting it 
into a valuable cement is an attractive one. The attempt 
has been made in several different ways, three of which 
have assumed industrial importance. 

1 . Slag, granulated in water and finely ground, is found 

to form a good pozzolanic material for addition 
to lime in the preparation of mortar, or it may 
be mixed with lime in the factory. 

2 . Ground slag, mixed with limestone in suitable pro- 

• W. MichaSlis, Cement md JEng. Aew«, 1907,19, 140. 
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portions to form a Portland oojnoni. w «'al«in<*d. 
the slag simply replacing the olay in the onlinary 
mixture. 

.‘5. Slag of a certain ooinjKJsition i« granulalnl iimlrr 
special oonditioim, an<l in then foiunl t'* 
after grinding, the pntprtiea of a Pcirtkiul moiirnl. 

When tbo slag is niorely grannlntcd and ground, Iwing 
mixed with lime only at the moment of preparatioti of the 
mortar, its function is oxjictly the same as that of trass, 
pozzolana, or any similar material, and docs not «dl for 
special remark. A considerable tpiaiitity of a inkHire 
known as slag or poas^lanio cement was, however, iiiimii- 
faotured at one time by mixing graniilat«l slag and lime 
at the place of manufacture. In any oaae, the grwiiilatMin 
of the slag is an Maentisl part of the prom**, and is carried 
out in practice a» rapidly as possible by runnit^ Into 
water. Part of the sulphur which is nlwaya prwwnt in 
blast-furnace slags in the form of sulphidw is removed by 
the action of water on the hot material, and is evolved 
in the form of hydrogen milphide. Qrenulalloii li also 
necessary in order that the material may b© sufBeletitly 
friable to be ground. 

It was formerly oonriderdl that only h‘^hly bwM© sii^, 
obtained from bkut-furaaces predoeiiig grey foundiy fig, 
cottM be utilMcd in thui way, but it has proved poaribto to 
employ slag from white iron with equ^ mmmt, U dwi 
attwtion be |Wtid to the diferrawe in eontporitien <bX th® 
mixture. . . ■ ^ ■ 

The granulation is gwwrdlly performed ruunsng lit® 
slag into an inclined wator-treugh, of by dfi^tliig a of 
water against the issuing stream of sli^. The i»*t opora* 
tfon, the removal of atlhering wrt«r, is ireesiiiary bsfore 
the slag can lie ground, llo porous oharretor the 
granules makes the drying pr*#csj»« a diffliciill mi0« if 
conductwl as usual in rotating driims. It k more 
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zement,” which may be rendered “ Iron-Portland Oemeril,” 
has been the subject of much controvemy. An al prifw^nl 
manufactured,* it is composed of 70 fjer eorit. of Portland 
cement and 30 per cent, of granulat«I sl^. 'llie Portliuiii 
cement is manufactured by the process just ilwribmi. 
granulated slag being mixed with liinostt«io by griinling 
and heated to sintering. The remaining 30 |>or cent, con¬ 
sists of slag, granulated, dried, and ground. Oidy highly 
basic blast-furnace slags are suitable for this pHr|s»s«*, and 
their, composition, together with that of the Portland 
cement prepared from them and of the Iron-Portlaiwl 
mixture, is shown in Table IX. 


TABLl IX 


Fortfauiil 

Omenl 

Brodoet. 


(tnmfilated 

81^. 


Iroa-ftrtliad 

Mixtimi. 


Ptromb. 
27-88 
8—2D 
44-88 
0 «-i '8 
IM-O 


Btremt. 

20 -M 

8-14 

88-l»‘9 

l-i 

Ot-f'S 

0 ^ 8*8 


Itewot. 

ilD-ift 

84^.198 

(Ht-W 

0«-l‘7 


OaD . 
MkO . 
80, . 
Alkalks 


It is eridmt that tills {imduet diffen tit some int* 
portant respects from Fortlmid e«ni«fit m ondiwiriiy 
defined. Portland mmm is j^piwwl by bmuting » 
mixture of calcareous and aigIBaecoiis materiali to liiitof. 
ing. This is tme of the product shown in th® «®o»d 
column of figures ahotre, but mt of the m\mA pmimt. 
shown in the third column. This product might Iw 
regarded ^ a# a mixturo''«l cement with a pomailwiio 
material, were it not that gramulatod slug of the al»oio 
differs from otfetr tftiiilsrl itt 

,, '' ' ' 

> B'imn*F'0Pimmhmmd^ iHtl IPil* 
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blast-furnaces to tbe granulators, which consist of drums 
rotating within an ^uter, w|.ter-jacketed casing. The 
stream of falling slag, immediately before reaching the 
drum, encounters a fan-shaped stream of water containing 
5 per cent, of magnesium sulphate^ chimneys being pro¬ 
vided for the removal of the steam and sulphurous fumes. 
In order to eliminate differences of composition existing 
between the slag from different furnaces, the granulated 
slag from several furnaces is mixed before grlhding. 

The slag granulated in this way is no longer hard 
and glassy, but porous and friable. It is readily ground, 
and after being mixed with small quantities of lime and 
gypsum to regulate the setting, it is reduced to a fine 
powder by ball-mills, followed by tube-mills. 

Table X. contains analyses of two samples of granulated 
slag of German origin,^ and one of cement made by this 
process in Scotland, 

TABLE X. 


Granulated Slacj. 


Cement. 


Per cent, 
3-95 
29*87 
12-72 
0-82 
. 46-88 
2-86 
trace 
2-74 


Insoluble residue 
SiO,. 


Sulphide S 
Alkalies . w 
MnO. . . . 
Loss on ignition 


Cramer, Tonind. Zeit, 1904, 28, 1687.' 



















MAfU'ttAl. OlMMItn. 

Niiltiml t»r mok Mtn^iitii dlffwr froiii IV>rtl««l oomwil. 
in Iwirijc ppjj^nul fttim m wick etinl»iiilMg Umw, niiloft. awl 
alumina in appwiimrtclj eiiiwt proportlcm* in»lfti4 df 
from an aitirteial mialiiro of limMrtonc wwl clay. l*lic 
of liii* lypit ia lhal iluaignalotl liy the tub* 
loiwiing iiamo of Kotnan ocmoni,** prcparotl from the 
M)|A(iria or nodiilca drotlifod tip from itio 

purliciilnrly rmnr Harwich aw! near HlicpjM*y, 
on the Fwmeh coaai near Hoiihifjwp, aiwi in lloilawl 
iMji! Ilrrmany, &o. 1*hw»» comciila arc lighlly cahiiwwl, 

mill hare a dark lif»»wn ooloiir owing yt ihc pwwcficc of 
ij»ji*klMfal»!c t|Maiilll,k* of fenric oilile, 

• tmfim 4mII^ willi 111* aHUialiisiafw «f emmt frtam *l«f 

IM, )fl Ml4Uti« t* th«NW enWl ^ H. W««t4ta^. tmi 

ilia*. Si* llWt M> llMfoiHW. 4iMb tHm$, 8d0^ IMM; H. raMkww, i*k 
H-mtttifrtmMmbf i» itr XummtMmilrk, Wanl«CI> ***** 1 

rA# miw. 4»» Mtm* im tiv.l M. m. 
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mrnmmmM wm hy iln^ 

tiif li iMirwrilag© cif tii^n^k in lli« lighilymhmml vnripi i#'#, 

^ ‘J5-.4jrj4y iln- 

■■•r All-.sH 

■ jii Xl . «4 mn ' ' .**-'*,? 

Iw. iSvi !h*‘ jfr«^|<4ST^ S|<*Sti IIjl i \f j 

Ilf- j»» i4* |>lf| ^tf iK i-;|i|||.-l -,u1 '.U 

-hi-ts ?»UMilisr r **i i*orliui4«l 

"Ti*- ■.» 

I li$.**f if« j?sirljrijlitfly II^ jn o.* 

tl»r* rt|}»-jt}4*iit#is <if ^■Uh'^U 1.1 r«*.' 

M4II4** #4 ?ti© Afii©r3<’?#i4 r-'^^k .-in: 

s'iMriM*4 *«i it Kit 

^rShI 4-'.#|jv:-<jS|jt-|jl jy y4?4«l i% *?f Vr-rj Ut^ 

1 liM r?.#io|wwiSifii3 «f tin* jiHulfiri ’^44 th>i* 

i4 Hi*' ^'^rtM'llt-rm^lk im ^ll■'J.rsl 

*4 4 fnmt m% j»riifi©3«l 

»»l w}ji«’|| DUiV va»ss'>*4l t jSi 

flA 5|4«’ j*lh*r.i'i!i|f*, th#« fr*!f^k fr%?|ii 

}«4hj( i« ©-fifr©*'! «t*? r^f liii©? **r 

5ii i*H%f |sy KtAAitiji ^ts«4iWr i\n 

•>-^4r<'-fs.sk ui A-^ ihi'^ 4«f© ii»4. l*.<rsL' 

l}©'’ir si4?r<w|iix^!H*ti kiltie ftinij* in 

sv-}sHr'.M*4y, i*M*i Xim in 4'* 

riit^-f r.h*. aith Mitr It ?'> 

£»!i4“r m* 34 tli^l lli© 

iljr-r^^uj^hiy tiin<‘=«L kui4 t4m rnih^r- 

#f ftl^flig iiU#ly li ^wA I# to «ll 

Mi|Mia ill# Mm# M # ^litoii ^ Mws^ly 

C?-^»|lif^j[|||^;,. EvitlcMly < .jH 

Ik'* jijHCisiJ im ^ jjrnmimt ihr» kit»#|, ^i*4 it b n^-? ^ut ■ 
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unfortunately not yet entirely obsolete, of exporting some 
of the Belgian natural cements of this class under the 
fraudulent denomination of Portland cement. 


TABLE 


-ir- 

Harwjich. 

Sheppey. 

Septaria. 

Cement. 

Septaria. 

Cement. 

Insoluble matter . . . 

gucluding 810*2] . . 

aiA- i i 

F ©2^3 ...... 

CaO.^ 

MgO . . . . . . #' 
Na .,0 + K 20 .^. . . . 
CO 2 +H 2 O. 

Per cent. 
25*6 

‘W 

11 

6-3 

32*4 

2*7 

11 

30*2 

Per cent. 
10*5 
[8*8] 

17*4 

4*6 

12*4 

46*1 

37 

1*0 

4*3 

Per cent. 
20*2 
[16*6] 

0*7 

4*3 

11*6 

29*3 

3*3 

1*0 

29*6 

Per cent. 
7*8 

7*3 

9*2 

48*2 

2*7 

10 

4*4 

Total. 

100*0 

100*0 

100 0 

lOO'O 


TABLE XII. 



Cement Eoek. 

Natural Cement. 


1.2 

II. 

III.3 

IV*2 

V. 

YI.3 


Per cent. 

Per cent. 

Percent. 

Per cent. 

Percent. 

Percent. 

Insoluble matter 
BiOs . 

} 16-37 1 

18*10 

24*29 

22-76 

26*50 

24*30 

AI 2 O 3 .... 

Fe 203 .... 

I 11*38 1 

6*40 

4*54 

1670 ■[ 

9*40 

2*00 

7*22 

6*06 

OaO. 

26*71 

36*40 

20*76 

37*60 

63*50 

33*70 

MffO .... 
SOg. 

12-46 

1*70 

12*50 

16-65 

2*40 

20*94 

Loss and alkalies 

86-09 

37*40 

37*91 

6*30 

6*20 

8*78 

Total . . 

100*00 

100*00 

100*00 

100*00 

100*00 

100*00 


^ C. Knauss, Dingl, polyt. Joy/rn.y 1855,136, 361. 

2 K. S. Tarr, Economic Qeoloffy of the United SUxtes, New York, 1894. 
® F. H. Lewis, Mimrd Industry^ 1898, 6, 89. 
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THK gHEMIHTRY OF CKMFNT 

* *In Antvrioa, iho rook rurniorly uiioii hr ihf* jir«|*iir 4 ii*<n 
Ilf natural Mtiiont i* now ompl«»y«*l in certain •Iblrict* m 
one of the inateriala of an artificial I’onlawl cciiu nl 
tniatiiro, ujMi the pnxiiiot' then waim to be a natural 
atwl ia rightly olaMMil aa a trtio Foitlantl. 

Kit her vitrt iaal o|wti kilnaor onnliiuuiitN kilita are umxI, 
many natural wment plMtU uaiiig aimpie kiltia aimilar to 
thoiw formerly employwl for tniming lime. It i* mwmmiiry 
IK to atihiiiit the pnaluot aa it inhiim from the kiiiw to 

picking, ill onlor to reject ihfliB portkim which are either 
^.ningly or inMiffioiMilly laimi. It la roinarkahle that 
the extent to which htiming ittiMA, Iw carrind ui tle{tencient 
in ao high a iliqpeo on the itomptiMtion of the eettienl rook 
that it hi the fvaotiM in wirao AmorioMi worka to rojeot 
dl mMoridl whiob haa hem b«iy^ to a Nlntorif^ lem* 
peraltira, wbttet in othera thew porticwoi tm inmwvedl for 
the ptofmraikin of iho hwA qadtly of ootnont. Aonitim 
or iteinting mtmt prooetlo gf^mling, iho Iwltor lieltig {»»• 
forahie, an !t hriig|ii alauit 4kiinlofratiiin of the poifiona 
rioh in lino ami houM fMlEMw grindiii||[. 

1%« grimling niinhfnery ia frei|tiontly of Iho Mine typo 
M in Portlaiitl wmmt plantn. In many wurka, hovotrer, 
tnilhAoim tmiil up of hkwka <4 rook emoiy hokl in poiltitMi 
by n^tal oaot mtwd thorn are tuwd. 

14111. 

'fbo eddm^kn of lifnentone to Ahwr te m 
hjRiMftllo lltM may be titettiMMl trny iNMy. C^alk amt 
^her pim llmMtoiiNK im oaldittMl In iMloniity kilita 
nmmyt% in lofndl^ iImw ileiMrihwt undter Ih# tmnlin^ 
of Pofthim! ttnte a wy pmitial, frm from 

: afilttiiiture wIEk llw Mb ^ lib 1^ la Mmi« In which 
ease klliw m wd wlA amiato MMaMin* anti mtm> 

^ ohMihmi, tbi bal wnu lb Ispiimi M having 
to paMi tbiou^ a MfacniM priMM. Tbkt metimi 
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naturally requires a greater consumption of fuel tEan llie ^ 
method of direct calcination. 

This dissociation of the calcium carbonate of Ijmestone 
is a reversible process, which ceases when the pressure of 
carbon dioxide attains a certain, value depending on the^, 
temperature. Hence, any method of preventing tRe 
accumulation of carbon dioxide in the kiln facilitates the 
decomposition, and the plan which has proved the best in 
practice is the injection of steam into the lower part of ^ 
the kiln. There is no che^iical reaction in this process, 
the steam merely having the effect of diluting the carbon 
dioxide, reducing its partial pressure, and at the same 
time hastening its removal from the kiln. 

Hydraulic limes, such as those obtained from the blue 
Liassic limestone, are prepared in the same way as quick¬ 
lime, care being taken that the temperature does not rise 
so high as to form either a sintered or a vitreous product, 
which would be “ dead-burnt.” This sintering is the more 
likely to occur, the higher the proportion of siliceous or 
clayey matter in the limestone. 

An exceptional type of hydraulic lime is that known 
as “ cbaux du Teil,” prepared by calcining a limestone 
found on the Rhone, in the central part of southern 
France. This limestone consists almost entirely of calcium 
carbonate and silica, the latter being in a finely divided 
and soluble form, without alumina, and the lime prepared 
from it has a high reputation for work exposed to sea¬ 
water. Analyses of Lias lime and chaux du Teil are given 
in Table XIIL‘ 

Whilst most hydraulic limes are despatched in the 
condition in which they come from the kilns, the practice 
adopted at the Teil works, and since followed by many 
Continental manufacturers, of slaking the lumps, and 
screening the powder thus formed in order to remove 

1 B, Blount, Art. Cement,” Encyc, vol* 26, 683. 
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Mn»unliin«l ftml inert mutter, ban much to r»w«iiiimi.j|i} ji, 
ft prtuluot ftlnkcri at the wtirka in ihia way Imjiiij^ trinrls 
tmm imifortii than one nierety alaketi m rwjiiireci 


TABLE Ntll. 


i%aiU8 du T«ai 


l*er rnrnfL 


lll•^»ltlilfo in |il*i 
l€<ii . . . « 


imm 


TMMM Ilf. 


















mainly amorphous, but oontain erystalii of ief«»*• 
jum! mica distributisl thrmiKh thorn. Santorin ei 
tains piunioo, quartz, and felspar. Ehonish traai 
com pact, although some inferior qualiti« are 1 
porous, like pumbo, I'ho dotiso traiw is finolj 
l>of<>ro Iwiiig hrtfught into iiso, and then forms 
grey |K>wdor. 

Materials of this ©l«i» ar® variable in coinposi 
the analyses in Table XIV. are otdy to Ikj reg 
tyiacal. 

Oyi«um Ckminih. 


The well-known plaster of Paris b only < 
nuralier of cements, the Montial oonbiituent of wblo 
b caloinni^ sulphate, prepared by dehydrating g; 
a inoderato tern perjure. 11f§ deposits of nativ* 
are uwhI, which the hm- known is that formin 
of Montmartre in Park, whetieo the name of th* 

Tlie gypntti b hroken up and ealoined. It b 
to avoid contact with the fuel, which would bri 
the rofhxition of a part of the ealeium sui 
sulphide, thus intrfxluoitqi a veiy iimlMrable 
For this reason, plaster kilns have rather the 
ovens than of lime or eoment kilns. The natti 
proem of dehydration b doMritml .l^r (p. 104), 
heb^ steam has Imn used as a d«hyd.i^ii^ iq 
good miilts. 

A msoiid mothisl of preparing plainer b that 
“ Isdlitig." Tlie gypmim, imgead being b«g<si 
b Hnely groiiml and^piaeed in an bm vessel < 
heated from Iwlow. The witter b readily eve! 

M it oscaja* from the hue pomler, the molMlii 
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{>iirticl*« pr«MiiJc«i an appoamtou like that of a Iwiling 
liqukl. Tho powdor ia Mirral ihonnigbiy by mochftnioa! 
tneatiB until lh« proe«»ii i« oomplulti. Thu wapiiig atuiim 
('.arrim ttututt dual with it, tuul a fiiiu hmling a 
duat-nnparaUir imwt th«rofwro ho pwvidwl. 

tho tivoii and tlio kottlu prt#o«»»« arn dimiii. 
tiiiiioua, and ar® ihowforo l««» ecoiuimioal than ualniim- 
tbjj in rotating cy!ind«ni, whbh ia now iiti|«»fi«*«ling tlw 
k ^er prcMjeaaw. Tb« hot inatoria! mwiiig from tho 
' rotary (wbinora jpatMca into oaiotiiing tilw, in which tho 
iMt portioi^ of water are given off. 

Caro hM to be taken in the pre|mratinri of ordittary 
plaMer that the temperature of ealeitiatbn dtmi ta4 excati^] 
200®, for if heated more rtningly gypMim laxwinim *• deail* 
burnt" awl Iwwa ita pniperty of aeiiing with water, 
tJialer oortain eonditinnii, however, a tMofu! |trvatuet may 
be oiitalmal by healing gypmim to a @otiiHd«frably higher 
tetn{wrat»re. Him » the mothwl atloj^ed in the mana* 
faetuw of the wi-eatt^./’flooiing-piaatet^ (tleriwiMi 
Eitrioh-f)y|M} wbkth m hui|^ly employed im the Con* 
tineitt, although almrait unknown in ihla mm^ry, and 
dlftra fmm plaiter of Fam in netting niuoh mom dowly, 
and ahio in ybldir^ a mueh harder maM. Htb vailety 
of pinker waa M oim time mitoh uaed In iw^hhourhiMaiii 
where gypaiim waa ahundant, m a morter for briekwork. 
In the form of » mixture with mimI. 

' ofn the manufingurB of ptMtmr,* ^pinim of 

'* good qiitdily hi hcntiMl in a kUn ao a^kuipd thk the Hoi 
ffum from the M pma the ^led-up lumped 

raw nimorial. The temfwiatare ki malnlidned at atamt 
: SO0®, ai^ the itmdii^ mnd not he eontlniMtl fiw moM 
than lour bottn hi mual fmn of kiln, m moro pm* 
iMfod hingifif Mip ahem the CNMiemiiNi of gypmmi 
into yb« laaetlfe, dbaddbrnM The pnafuei w 

' unoA Ip a Imi indy<fromd enaditiaifipi oidinBii^ {daPor , 
H': * r. A, WiMr. Hifm* Jtea «liet tmmy, kfOl, 11» lil* 



(}y|wiiiii ate* fomiH n conrtituent of ® ritutitH’i' jsatn- 
jHiiuul cuuiifiits. KoJeiiitic eeuiont, also known tin 
cnintiiit, Ih ai iiiixtiirt! a*f hydrawilio litiio witli ‘i to H ja!t* 
oont,, (*f gypKtiiii. Tlui laiixluro ttiaiy Iw |iN'|wiriHl by 
fjrhwwK Uagothur in lliu airy »r tiia?rwly t»y aliwial viii}( 
till) gypHiiiii iti thaj walor njiajal u> sli*k«( tlio lime. Aiitalhoi" 


with vairions wilii!, either aliiriiig or aftatr the inirmiag 
COSH, for the jjtirjxjHe of yielalitiff a hanlor pltwitaar, unci iiuia 
lo»f! reaalily attaokeal hy iiiointura!. Htiash oanriaaiita airo aimnl 
fi 







CHAFl'ER III 


THK CHEMICikL GOMPONENTO OF CEMENTS 

ALTHOUOtt moKt of tho Mil^itanom of whioh hyilmtilitj 
oomentM aro compmwcl oontain throo or tnont 
in a ibato of coniMni^ion. wo nmy Inlniduoo « cM»t»«ic{or' 
aMo simpliieaUon into thoir ^udy by r^niing thorn aa 
pmluood Ity tho amooiation of aimplo binary ounipounila 
As most of tho elomeato prM»nt, both moti^llo and non* 
motallio, are iimlouModly oombinod with oxygen, ira may 
Mopt tho tiRual dorioo of ittlnorai^lpte m dwdii^ with 
iilioatos and other oxyg^i^t*, and reprint tho oomplox 
oompoundt as bdi^ bnilt up of osMm, Homo of whioh are 
huiio and othora aoid in eharwcEor. This mtthod, whioh 
IS praotloally that of BeraelitM, dilfm Mmlilermtdy fttmt 
that iidopte<l in the expofdtion of hioi^nlo dbomliAty in 
most modem text-books. Iho devetopnimt id* tho Mruo- 
tural theory, and the widespread nse of the hypothesis of 
ioiio dissoolation, have led to the reprMwntation of Mlti 
as oomhinations of ptNAtlre and n^ire ions. This view, 
howefor, hase«l as It fai on tihe behatiwir of aou^us 
solutions, M Uttle aMu^ee in iMm limtment of kOteoi 
and Himlkr oompoiinds, whioh are praotMy unknown to 
us in solution. We are alinus* wnnpliituly Ignoiwnt of 
tho molejjular weights nf i»tii|}oiittdK of this ehn*, inn| 
wo aro thoroforo tmahic ii» deoide liow far tliflhreiu^ of 
molecular coniplosity may l*c nwisutsiblp for ObwTveil 
differonoos of physical projwri h» mwl oliouiloal Isfliariotir. 
Under these ctmditiojis tho onliimry ooneeptlorw t*f 
chemioal structure heocme Innpplimhlo, and tlio altainpta, 
so frequently mwk*, t«» explain roaclioiis involvoil in th® 










iwaiiwimiticdi or jKiIymfsriHatioti, aro entirely Hpemilativo 
ant! wit hout Kerioim %'iUiic. 

On the other ImiMl. llie iwwKii»lbii8 of oxich* in 
KilieateK, ahitruiui-HilieiitoH. Iwnr a oIoho rtwoinhlnntie 
to the amajclalionK of muliila in lUloya. We may have in 


porti©«.‘ In metallic alloys, «« in the oompoiincla 


t 

similar, so that w®*are miablo to diiainguiNh them clefi- 
nitoly as electro wisitivo an«l eleolro-nogativo, ami, la 


with that of 
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hoatod to tbo melting-point of tho mcwt fusible portion 
of the reacting mixture. The chemioftl changCH whieli 
take i)laco are therefore aircstwl at an incoruplele stage, 
and tho final pr(«luct dooH not contain the conijsinimta in 
a state of equilibrium, Tho wimo remark applies to the 
hardening of cement, tho chemical ohangos involved 
remaining incomplete after tho lapse of niiinj years or 
oven centuries. It ti therefore necessary H» employ 
caution in applying tho wnelnaions of physitail chemistry, 
based on tho study of systems in tspuliliritim, to mixtures 
of this kind. Fortunately, it is gonemlly posailile to 
dotennino tho direction in which tho condition of tho 
system departs from one of oqtiilibrinm, and if this pre¬ 
caution bo tomomborod, cements offer a imwt hfjtilo 
field for investigation by mothcMla akin t4» th«MJ of 
metallography. 

Another department of physical chemistry which Is in 
a position to throw Ught on the chemical tiehavioiir of 
cements is that which deals with the pmperilM of colloidi. 
Although tho fundamental ro8(»rohcs of Chmhatn on tho 
properties of colloidal aolutioiw date from IM, it is only 
in quite reoent years that marked pr^poss him been made 
in their invmtigation. The mlerowopieal examination of 
cements mixed with water hmi shown that oolbidal Mih> 
stances are first foramd* and that tho sepindton of 
Cji^stalline products takes place sobMtqiiently. Tho re* 
GOffiitim of this fact g|viw a new aipe<^ to tho pcocess of 
setting, which must now ri^tirtM lUi proc^itig in the 
presenee of a colloid. The pmccii hi dlKCumCd from this 
point of view in Chapter V. 

The remainder of this chapter eontalna a hrk*f account 
of tho proixirties of those oxidei which way he con- 
sidewxl as tho ef»m|Mments of cements, and also of 
the simpler compounds formoil hy thoir aSsooiatbn in 
jciirs. 






Calcium Oxiub. 


wts lilivij to dosil, litm tn flariv^l Ifcifii lint <111 

conijMmititin of ciilciiiiii ciirl«iimU», Cat JO,. Tho iitllo 
c(irnjK»un<l occurK in n |»ruolically |*iir« atato n« pfiaU 
and niarltlo, and iiiixtHl with varying qiianlitii'a «»f im 


tiqtial to that of tho atmoaphwro at HI2®, «<» that at tom 


niiiiilar inaotivlty ia obiorvoil lowarilii rtoam or oarkm 


tho fiiMjly jiowd«r«d eijaUb. mixed with w«i«r, 











appear to bo inert, but after a few tiiinuieH tins ri'afifion 
sots in witk‘explosive videnco.* It appears, therefore, 
that the (lecrcaso in the rewUlvity of lime with increasing 
tomporaturo of ignition is ditte Iws to a moieeniar ohange 
than to shrinkage and consequent r«luction of surface. 
It is found' that hjose powdered lime, if kept for any 
length of time at 1400®, tiggloriierates to fonm crystals, 
which continually increase in sisso. Mmo pBJpX«d..al 
a low temwrature is and porous, m that a lanw 


lime is denser, and ofteiti a smaller surface in pro{N>rti 0 n 
to its maas, the action is therefore confined to a smaller 


This effect of high temperature niurt not be oonfused 
with another, observed in impure limes, derived fironi 


slakM with difBeulty, and is said to be *'di»d4«imt.” In 
such a case, however, the tempor^ttie Is tftiU for below 


purities, yielding a prodaot intwnmdiate in ohameter 
between pure lime imd hydranlie lime. At lower 
temperatures, these impurities mmmn unoomtiined as 
moohanioid admixtures. There is. therefore, for kmH 
limestone an appropriate temporaium of ignition, de¬ 
pending on its composftimt. 

,14m© dtw not oceur In the fro© state as a m^iistituoiit 
of well-burnt PorthuMl eenimt. The elfeoi of “froo” 
Htim, akwl the methods by which its prosoiice may Im 

» A. k Day,, K. B. itopliard, aai f. 1. Wifehl, Cmmk f'mi. I 
tWCj' dmf. J, Mei., leuo, fir,!, a MS. ■ Uti#-iMpnosat «|),t 

w 4iCl0» rtfitttil to III lit# 






























Sft T»K CflEMIHTliy dip < 

wksiivagi, «:r« 1:1-20. ^ Their 
2'4J^4, ami himini^ 2~3.* 

Ckloiiitn hy«lrci*iclo reaoiR with 
font! calaitiiti carlKinato: 

Ca<()ll),+CO,»(*aC(), 

imd ihiii reiMsiion play* an tniportAiil p 
<>f mortar. It only takt^ tilane in iho i: 
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3d. mixtures. The double carbonate, dolomite if ignited 
^ 00-400'^, so as to decompose the magnesium carbonate 
lie leaving the calcium carbonate unchanged, yields a 
duct which sets with water and becomes very hard. A 
cture of calcium and magnesium oxides, prepared by 
Lting dolomite very strongly, does not slake, but if 
sly powdered and mixed with water sets rapidly, and 
' been used as a substitute for plaster in making 
fcs. ■ , 

Magnesium hydroxide is only very slightly soluble in 
ier, and in the solid state is very little acted on by 
bon dioxide. 

Silicon Dioxide. 

Silicon dioxide, or silica, SiOg, is the most abundant of 
minerals, and is a component of the vast group of 
3ates, among which are the clays. It is present in all 
aents in a state of combination, and is then derived 
□a the clay used as a raw material. It is also one of the 
aponents of pozzolana, and is used in the form of sand 
3 t constituent of mortar. 

I?ure crystalline silica occurs in nature as quarfz. and 
XI forms hexagonal crystals, a:c = l: 1*10, specific 
x^ity 2*653, hardness 7. The melting-point is about 
► 0 '^, but the molten quartz is so viscous unless much 
re strongly heated that the exact point is difficult to 
ermine. When cooling from the liquid state, silica has 
reat tendency to assume a glassy form, without crystal- 
og. If cooled under favourable conditions crystals are 
□aed, but these crystals prove to consist, not of quartz, 
, of tridymite, another crystalline modification of silica 
Ich occurs in nature, and has a specific gravity of 2*318. 
clymite is only stable above 800^, and changes at lower 
xperatures into quartz, but the transformation is exceed- 
ly slow unless some other substance, which accelerates 
change, be present. Glassy silica is much less dense 
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timu oithor of the orystallin# ttHMiHiikta 
Kpoisitie gravity of only 2’2I3; ita oryaiallintion w there¬ 
for© aooompaniecl by a oontraotioii of 16 jwr oent. 

Quarts i» ohemioally a very inert at ordinary 

temfreratures, but when strongly heatiHl it n-neiH vigor¬ 
ously with basm. Sand tohavea in niortant m nn in- 
diierent material, binding the partieloa of liiiio or oenient 
tether tnMhanioaUy, but not entering; into ehemicai 
reaetlon with them. At high t«iii|»oraiurM ailtna ttohavoK 
M an aeid oxide, and ia eapable of oonibining with baw 
to form silioat^, and of ex{Niliing weaker aoida from their 
©ornfrounda. Quarts will reaot with lime in the {mmnee 
of water If heated under proaxiire, aial thia faut ta of 
iinpoitMMio for the manufacture of aanti-Hitio brioka 
(p. 264^ The readinew with which action takiM plane la 
in the higher d^«e dependent on the attrfaoe pramted 
by the quatia. For tnayuioe, a porfeot oryKtoi weighing 
12*8 gntms ItA 0*26 per cent, in weight when heated with 
a lime paate for 48 hotira at in an autoclave, whikt 
a dmilar eryatahgnmnd mi finely aa to leave no rnddiie on 
a 100 iieve, iMt 12*4 per eent. in weight mrfw tie sane 
condirioM. i^ither redneed to im impdiMtble powder by 
pnilongod grlndii^f, the quarts betmne no active im to be 
eonve^ into oolbiddl hydrated nlleie aold by mmely 
boiling with water.* 

A dMnetion k (Kimmonly drawn Imtween Miittbie 
and iwilublo dUM, the fiinner beii^; iwdily attaeked by 
©ttiHiie alkalim m by lisM water, hut. them k no rigid line 
of demaroiydon between the tw. Such m 

ki««lgu!if Ctnhnmlal mtih) ew a toipi pan of their 
' 'tbadivlty to.thflf highly ebawter, j^riMtiting a 
'' largo Mtrte to the aMm of Hm 'm^t. Some forma of 
mduble dli«a emttain eom^Uned wi^, but tbm foot afiaii-, 
the ditt'erencii*. of #iadrf>fhy mw te be referred rather to 




eiarnitno tow i 
t ap|io%rs to l)e 
y the actkm of 
nother. hut t 













Fbreouu AMD Ferric Oxiiub. 

1110 oxidM of iron have only r subordinate iin|K«rt«n<M 
in th© ohomiatiy of oomonts. Forrou* oxklo. F« 0 , m of a 
distiriiotly baaio oharaoter, and may oootir in (MtnynaUon 
with silioa or othor aoid oaidos in tbo raw matorialjM« Tho 
part which it plays Is oiitiroiy a Mubonltnato ono. If 
any unoEklM ferrous oompoumlM ramain in tho eetiiinil 
clinker, the ferrous oxide muM be n^fttnloil as roplMilog 
an equivalent qnwntity of other iwsoR, suob m lime, if 
air or oxygen obtains aeNC^ to the mass, the ferrous oxide 
Is convert^ either Into ferrie oxide, Fe, 0 „ which enlen 
into reaction with the h«ide wmpoMKits. m Into the bitask 
mapetio oxide, F^O^, whioh is ohemioally iuj^lve, ami 
oidy affects the colour of the produoL 

Ferrio oxide, Fe^ji, wi the othor haitd, has diactnotly 
sold proportlw, elcwely eiMwmUingftttinilnain Its oboinical 
behaviour. The pure oxide melts al tdmut 199 S* in an 
''oxidising aAmoepheie, atwl c»;y^liaes in fbwnl«»hoiim 
...rewtnblteg the native minewl. Fmritai may Ijo pnf- 
paml by fusing the psWo srlth 'Inoim, 


M m * 


THE CHEMISTRY OF CKMEN f 


it, cither as basic or mt indifieront in tho clays, iii whiidi 
it is combined with silica, and as acid in tho ahiiiiinates, 
in which it is oembineti with lime or othor base*. 

Alnminiuni hydroxide, Al(OH)j,, is gonorally aweKnaicd 
with variable quantities of wjitor, forming a jiolloid. Al¬ 
though this compound may jKissibly l>o jihhIikjwI in the 
hydrolysis of aluminatos, which is one »»f the jiriss^swu 
constituting the setting of cement, it is probable that the 
reaction does not actually proceed so far, and that tho 
hydrolysis results in tho formation of ealoiiim ahiminali* 
of indefinite composition, the propirtioii of limn caam- 
sionally be(a>ming so small that the restate dlfiers little 
from aluminium hydroxide. 
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In tlie method of thermal analysis, mixtures of the 
two components in varying proportions are heated to 
fusion and alfewed to cool, the melting and freezing- 
temperatures being determined by means of a thermo¬ 
electric or of an optical pyrometer. Curves are then 
drawn, representing the variation of the freezing or 
melting point (the latter is usually the more easily de¬ 
termined in the case of silicates) with the composition. 
In the microscopical study, thin slices of the products are 
ground until transparent, and are then examined by trans¬ 
mitted light, either simple or polarised, as in the petro¬ 
logical study of igneous rocks. The most satisfactory 
results are obtained when the two methods are employed 
concurrently. 

The members of the hme-sihca series vary greatly in 
fusibility, but no mixture of these components melts 
below 1400° C., a temperature the attainment of which 
in laboratory experiments presents difficulties.^ It is 
necessary to heat by means of an electric resistance 
furnace, and to enclose the materials in a crucible of 
platinum, or, in the case of the less fusible mixtures, 
of iridium. Even under these circumstances it is im¬ 
possible to fuse lime or the mixtures very rich in lime, 
which only become fluid at the temperature of the arc. 

It is necessary to distinguish clearly between the true 
melting-point and the softening-point. In mixtures of 
two substances which do not form solid solutions with 
one another, the variation of the freezing-point with the 
composition of the mixtures is shown in Fig. 1. The 
freezing-point of the substance A is lowered by the addi¬ 
tion of the substance B, and that of B by the addition of 
A The mixture C, which has the lowest freezing-point of 
the series, is known as the eutectic. A mixture, the com¬ 
position of which lies between A and C, begins to freeze 
at a temperature indicated by the point d, depositing crys¬ 
tals of the substance A. The removal of these crystals as 





tilKMICAl. CX)MP0N1NT8 tif C¥MK^m r.j 

the mmmfAum Wb lh« <»ropo»illon «f *»»• 
liqiiiil. nulW thi* n>mhm the 
liirti. w\mi it at the l«iii|iemUlfe 
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iM-lt* m tt wilvet** fwf iho 
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pyramids with, sharp edges, composed of clayey materials 
mixed in different proportions. When a certain tempera¬ 
ture, which is constant for each cone, is reached, softening 
takes place, and the edges lose their sharpness, soon 
followed by the bending and drooping of the sharp apex. 
Attempts have been made to determine the melting-points 
of cements, slags, and similar products by forming them 
into such pyramids, and heating them in a muffle furnace 
together with S(5ger cones of known softening-point. Such 
a method of working is without scientific value. The 
effect observed is dependent on the melting-point of the 
eutectic and on the proportion in which it is present. The 
results thus obtained may differ by several hundred 
degrees from the true melting-point. For example, 
mixtures of lime and silica have been examined in this 
way, with the object of constructing a melting-point curve 
of the series, by P. Rohland and by 0. Boudouard.^ The 
figures given by the latter author for the melting-points of 
mixtures containing 60 to 80 per cent, of lime are almost 
certainly from 300^ to 800° too low, the figures, given 
merely representing* the softening of a eutectic melting at 
1430 ^ which is present in such mixtures. 

An exceedingly careful series of determinations is due 
to Day and Shepherd, and is contained in the memoir 
cited on p. 54. The mixtures were heated in an iridium 
crucible in an electric resistance furnace, and the tem¬ 
peratures at which fusion occurred were determined by 
means of a Holbom-Kurlbaum optical pyrometer. Those 
authors' results, which were controlled by a chemical and 
microscopical examination of the mixtures after solidifica¬ 
tion, are utilised in preference to others in the following 
discussion. Their equilibrium diagram is reproduced in 


Calcium metasilicate, CaO,Si02, is the best known 
lember of the series. The mineral wollastonite, which 

^ /. Iron Sted Inst.f 1905, i. 3B9 ; Rev. de Mdalluvgie, 1905, 2, Ml. 
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forms monoclinic crystals, has this composition. A fused 
mixture of lime and silica in this proportion, however, 
does not solidify to wollastonite, but forms pseudo- 
hexagonal crystals, known as pseudo-wollastonite. The 

“C. 



latter substance is also formed when wollastonite is 
strongly heated, the change taking place with absorption 
of heat, but without any appreciable change of volume, 
hoth substances having the specific gravity 2-91.^ Calcium 
* E. T. Allen and W. P. White, Jmer. J. SH., 1906, [iv.] 21, 89. 















^ K. Zulkowsky, Stahl u, Eism, 1907, 27> 1098. 

’ a 0. Scbott, Dissert., Heidelberg, 1906. 

* H. Le Ohatelier, Mortiers hydrcmliques, 1904, 62 
Kaiiter, Zeitach, anorg, Chem,r 1903 35, 82. 
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metasilieate thus exists in two modifications, one of which 
(a) is stable between the melting-point, 1612°, and the 
transition-point, 1180°, whilst the other (^) is stable at 
all temperatures below the transition-point. Water is 
practically without chemical action on the metasilicate, a 
finely ground specimen absorbing only 0'9 per cent, of 
water in the course of several years’ immersion,^ al¬ 
though a considerable increase of volume takes place.® 
It is not a constituent of Portland cement clinker. A 
hydrated form of it, however, containing a variable 
amount of water, has been prepared by several different 
methods, and has been assumed to be present in cements 
and mortars after setting. It appears, in fact, to be the 
only calcium silicate which is capable of existing in the 
presence of water or of lime-water.® Hydrated silica, 
even in the presence of a large excess of lime, does 
not take up any more lime than corresponds with the 
metasilieate. 

Calcium orthosilicate, 2Ca0,Si02, is undoubtedly pre¬ 
sent in cements and in slags. When prepared in a pure 
state it melts at about 2080°. The solidified mass, which is 
at first very hard, has the remarkable property of cracking 
and rapidly disintegrating at the ordinary temperature, 
falling into a fine, white powder, which has practically no 
hydraulic properties, This behaviour is observed, even in 
mixtures containing considerable proportions of foreign 
substances, and has been shown to be characteristic of 
this compound. The orthosilicate actually exists in three 
modifications, of which the e^-form, which cons^utes the 
mass immediately after solidification, crystallises in mono¬ 
clinic prisms, with a hardness of 5-6. This modification 
is only stable above 1410°, below which it changes, without 















The modification which does not set with water is regardeti 
as a true orthosilicate: 

Oa<Q>Si<Q>Ca, 

whilst the hydraulic substaace obtained by sudden 
quenching is considered to be a basic metawlicate, 

0:Si<;Q.Q^0, 

the anhydride structure of which is In accordance with 
its tendency to undergo hydration. Such explanations, 
however, are purely speculative, in the absence of any 
trustworthy means of determining the ehomioal constitu¬ 
tion of substanoM of this class, and it is safer to regard 
the orthosilicate m a polymorphic capable of 

existing in three modifications, and to leave It for the 
present an open question whether the diflferoaces b<d.ween 
the a, A and 7 forms are of a ohemieal or a purely 
physical oharooter. 

Hydrated oaloium orthoffllicatos are unknown, water 
deoomposing the compound, with formation of the meta- 
ffilioate and oaloium hyxlroxide, 

The two silicates doreribod above are the only com¬ 
pounds of lime ami «lica, the existence of which has been 
established with certainty, although several others are te 
be found in ohemieal litendure. Cert^n of these, such 
as the siMoate 40a03^0|, known a» ikermanlte, have 
been proved to be mixtures, A greater intereil, however, 
attaohw to the tricaloium silica, §Ca0,8>i09, which has 
been awuHMjd, since the early puhlications of lie Ohatolier, 
to be the principal active constituent of Portlaml cement,. 
It is certain that a mixture of the oompfUients In the 
calculated proportions, if heated to a stifllelcnlly high 
temper^iire, yields an apparently homogehoous prraliiet, 
which has all the projK*rtww of a true cement* <lfeat care 
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is neoessary in tho preparalion of the nirtonals to ohlaiii 
such a result, m the tpiantity of Unto which b laketi up 
is (sonsiduraldy loss than that rocjuiiwl hy the foriiitila, 
unless the comjKmcnts arc very finely grotiiwl. Occa* 
siotially, such a mixture has Isjcti ahtainoil in such «ii 
intimate form that the o|»tical osomination of thin slices , 
indicates homogoneity of conijawition.* A very careful 
study with accurate optical appliances has slwwn, how¬ 
ever, that such preparations consist of an inti male 
orystaliine intergrowth of calcium oxide and oaiohiin 
orthosiliciU^, which is rciwiily mbtakoii for a hoinogeiu^ufs 
suhstanoo,* The evidence b practically oonoliisive i^imt 
the formation of a triesJciuni silicate from iiiixt»ir«i of 
lime anti silica ahino, or tif a stdhl stdiilion of lime in 
dicaiciuin silicate under the same conditions. It wowM 
Im 3 wrong to conclude from this that a trioaWiim silicate 
is never present in cemonte or slaipi, as the pnwiitw of 
other gutotimees -alumina, ferric oxide, alkfdim, ^le.—may 
give riw to profound niodiioMions of the eqtiilibriiini, 
and it b quite conoeivable that such a Compound, in- *• 
capalile of exbtenee in tlie two-oemponenl system, may lie 
stable in prescntio of other stihsiMices capable of forming 
solid solutions with it. The microscopical appcaran«w of 
crystals of dito (p. 8fi) lemis some sup|s>rl to thb view, 
the presenoo of a small quantity of altimitiate Iwit^ 
sufficient to rer^or the erystala hmncgenwtis. 

CAt.cniM ALtmiMATli, 

Mort invoai^ntloiM of caleiutn aJiimtnides have lioett 
ooMttoted with products obtained by Ito Interaetirm of ^ 
siibitances In aqueous aolutlon, but the Imtaldlity of the 
compounds thus formed rmderi the remlte Imi certain 
than those obtained by tiM iliidy of fiiaed mlxtiira*. A 

* U. ItiebMoliHSi, OHNiNl,aitasUe 01^, IMl; i. ft Mswlteny 

awl M. M. initth, ftsM. Bm. IMft Ml. 


' iUf, SlitjrftMMl, sttd hm. da 
















70 THE CHEMISTRY OF CEMENT 

recent thermal investigation^ on the same lines as that 
dealing with the calcium silicates described above has 
shown that several definite aluminates are formed, as 
is represented in Fig. 3. The two lowest aluminates, 
3Ca0,5Al203 and OaO, AI2O3, are not likely to be present in 


CaO 

4* Liquid 


Liquid 


Per cent AlgOj 

Fig. 3. 

Equilibrium Diagram of tho ^^ciam Aluminates. 

cement, but the compound SCaOj^Al^Og,’ which has the 
comparatively low melting-point of 1386°, may sometimes 
be one of the constituents. It has distinct hydraulic 
properties, but its behaviour appears to depend on the 
rate of cooling from the liquid state, a rapidly cooled 
specimen being stable, whilst a dowly cooled specimen 

‘ E. S. Shepherd, G. A. Eankin, and F. E. Wright, Jmer. J. Sci., 1910, 
[iv.] 28, 293. 
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‘-^ll'd.ergoes disintegration after setting.^ Tlie mt>st im¬ 
portant compound of the series is tricalcimn. aluminate, 
^CJaOjAlgOj, which is formed from molten mixtures at 
and has the specific gravity 3-qi and hardness 
^t>out 6. It crystallises in the regular system and has 
•^o distinct cleavage, the fracture being conchoidal. If 
*3Louhly refracting crystals are observed, lower aluminates 

present. It has hydraulic properties, but test-pieces 
parepared with it expand after setting, although it is 
possible that this is due to the difficulty, in laboratory 
Experiments, of obtaining preparations free from uncom- 
l>ined lime. 

The only member of the series which has .been 
<3.efinitely shown to be capable of existence in a hydrated 
form is the tricalcium aluminate, although several other 
Salts have been described. It is obtained by dissolvjJig 
tilie anhydrous aluminate in water and adding lime-water 
■bo hinder the hydrolysis of the somewhat unstable com¬ 
pound. It forms spherulitic clusters of slender crystals,^ 
3 CaO,Al 208 ,£BH 20 , the value of x being uncertain owing 
to the difficulty of isolating the crystals in a pure state. 
Different observers have found a;=8 to 12. 

A single magnesium aluminate ® exists, having the 
formula Mg 0 ,Al 203 . Its melting-point is too high to be 
measured with accuracy. 

O^tuM Fereites. 

The ferrites of calcium play (juite a subordinate part 
in most cements, which contain only small quantities of 
iron compounds. It is nevertheless desirable to take 
tLem into account in considering the constitution of a 

^ H. K. Gr. Bamber,Tran«. Concrete 1909, 1 , 106. 

2 H. Le Chatelier, Ann, des Mines., 1887, 12> 345, 

® Shepherd, Rankin, and Wright, loo, eU. 
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coirioiiL, whilst it h«« been found jMJSsiblc to prepare true 
hydranlio cornenta from lime and ferric oxide idtme. 

A thoriual analysis of mixtures of lime and ferric 
oxide * carried out similarly to Day and Shephcnra 
investigation of the calcium silicates, has shown that 
calcium metafenite, CaO.PeaOj, is only formed with 
difficulty, mixtures of this comjwsition Iwing generally 
hotorogoneous after solidiftoatiotu It is very stable to¬ 
wards water or acids, and is certainly devoid of hydraulic 
properties. The com|K)und 3CaO,Po/)g is hytlraidic, 
whilst mixtures corresponding with cidcittm orthofenite, 
SCaOjPojOg, like calcium orthosilicato, fall to powder after 
cooling. This {wints to a polymorphic change which h»wi 
not yot boon inv©jtigate<L 

The chemical inactivity of oaloium ferrites in contact 
w^h iwator or solutions of wilts is taken advantage of in 
the manufacture of oemenm Intended for exposure to 
sea-water. 

A hydrated otddum ferrite having the oomp>Htion 
SCaOiFegO^BEiO has hem obtained by the action of 
lime-water on preoipit*^ ferae hydroxide,* md may 
probably bo present in cements containing iron after 
setting, as it b apparently also formal by the slow hydro- 
lysb of fomtes richer In lime. 


Amtmmm SttioAfii. 

Compounds of «dumina with riliea do not present them¬ 
selves, so far as la known, in cemonl clinker or in hanlomxl 
cement, the alumina in whidh Is diwap present In combina¬ 
tion with bii««i. The elay which forms so ImportMit a raw 
material of the cement iiidniAiy comwrts, however, ^on- 
tlally of snbstancM which approximate In composition to 
aluminium rilicatm. It Is laoorroct to regard ordinary 

' . * S. Hiiprt and VL Mtr, iM. dm, Gt»„ tWA 4 &t IMt; 

iffidtmfk, mo, % m, m. - • , 

* K. Mtowitky, (tm, tfdmtnis,i 1801, 24,. 480, :'f’; ' ; v' , 

."mi.. " . ' 
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clays as impure varieties o£ the definite mineral kaolinite, 
Al 203 , 2 Si 02 , 2 H 20 , -which is a crystalline constituent of 
kaolin or china clay, a material which now finds a limited 
application in the cement industry, in the manufacture 
of white Portland cement (p. 34). Clay formed by the 
surface weathering of rocks under ordinary surface condi¬ 
tions is entirely different, both in its nature and in its 
origin, from kaolin. It has been shown ^ that clays, and the 
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Fig. 4 

Equilibrium Diagram of the Aluminium. Silicates. 

clayey constituents of many limestones, &c., are composed 
of crystalline fragments of undecomposed mineral silicates, 
togetlier with, amorphous (colloidal) products of alteration, 
in which the ratio of silica to alumina is always higher 
than in kaolinite. The {4|tsticity of clay depends entirely 
on the colloidal properties of these constituents. 

The affinity between silica and alumina at high tem¬ 
peratures is so small that whatever compounds are 
present in the mixtures used for cfement burning are 
readily decomposed by the lime with which they are 
heated, calcium silicates and aluminates being formed. 

1 J. M. van Bemmelen, ZeUsch. omorg. Ohem., 1910,66, 322. Eeferences 
will be found in this paper to earUer work on the subject. 
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There is also no reason to suppose that re-combination 
of silica and alumina takes place in cement during 
setting. The only compound of the series which can 
exist in fused mixtures is sillimanite, Al 203 ,Si 02 , which 
forms well-crystallised prisms of specific gravity 3'03 and 
hardness 6-7. Two other minerals of the same formula 
occur in nature, namely, andalusite and cyanite, but both 
of these are converted into sillimanite when heated to 
1300°. An equilibrium diagram, showing the relations of 
sillimanite to alumina and silica, is shown in Fig. 4.^ 


Alkalies. 

The quantity of alkalies present in cements is always 
small. We may assume them to exist in the form of 
r^r«sodium and potassium silicates, which form either solid 
f solutions or glasses with other constituents of the cement. 
The existence of either compound in a free state is highly 
improbable, and there is no evidence of the formation 
of any definite double silicates. The mixtures of sodium 
and potassium silicates with the silicates of the alkaline 
earths have a great tendency to assume the glassy 
condition on cooling,^ and whether glassy or crystalline, 
their effect on the microscopical and other properties 
of the clinker would be inappreciable. The presence 
of any considerable quantity of alkalies would have the** 
effect of increasing the fusibility of the clinker, and at 
the same time of reducing its tendency to crystallise. 

' In contact with water, such compounds are readily 
hydrolised, so that alkaline compounds are set free on 
mixing with water. As will be shown in Chapter Y., even 
small quantities of these salts may have an important 
influence on the setting properties of the cement. 

' Shepherd, Bankin, and Wrighfc, loc, ciU In this and the preceding 
diagrams, Figs. 2 and 3, those curres which are somewhat nncertain, owing 
to the diflaculties of the thermal investigation, are drawn in dotted lines, 

® R. 0. Wallace, ZcUs^ik, wruorg Chem., 1909, 63, 1. 
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Sulphides. 

Uak;iiini sulphide, CaS, is often present to a Tery small 
extent ill cements, and is then derived from tke reducing 
action of the fuel on ealeium sulphiate contained in the 
ravf materials or formed, in a stationary kiln, from sulphur 
compounds in the fuel. Calcium sulphide is more char¬ 
acteristic, however, of blast-furnace slags. If the cement 
contains ferrous iron, this is converted into the green 
ferrous sulphide, which , is generally considered to ^ be 
objoctionablo from its liability to undergli oxidation, 
accompanied hy expansion of volume. 

Mobe Complex: Compounds. 

The number of native minerals containing th^e^ or 
more of the oxides described above to which cherhio^l^ 
formuto have been assigned is exceedingly large, and it^ 
is natural to seek bo transfer these formulae to the 
substances composing cement clinker. Such an applica¬ 
tion must be made with caution. The formulse of minerals 
of this cla^s rest as a rule upon the results of chemical 
analysis alone, whilst thermal investigations are essential 
to establish the identity of a chemical individual. _ It is 
certain that in many minerals described under distmct 
names the components are not present in^ a sbate^ of 
chemical combination, hut in on© of solid solution. 
We are not justified in assigning a definite chemical 
formula bo a mineral sp^ies until its individuality has 
boon proved on other grounds than that of mere homo- 
ffenoity of structure- Researches in tl|e metallography of 
alloys have demonstrated the value of thermal analysis in 
distinguishing between solid solutions and definite com- 
founds, and the chemistry of the^ silicates still awaits a 
similar systematic treatment for its establishment on a 
thoroughly scientific basis. The experimental difficulties 
in the way of such an investigation have been alluded to 
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above, but these difficulties are being gradually ov'ercoiue, 
the special eq^uipmeat of the Geophysical Laboratory at 
Washington having more particularly proved its value in 
work of this kind. 

Calcium silicates and aluminates form solid solutions 
together which are discussed in the next chapter. No 
double compound is as yet known to exist. Calcium 
aluminate and calcium ferrite form solid solutions, 
and Le Chatelier states ^ that a definite compound, 
30a0,Al203,Fe203, crystallising in long red needles, is 
also formed, any excess of aluminate in the mixture 
becoming visible as distinct colourless crystals. 

Le Chatelier also considers it probable that a calcium 
magnesium aluminate exists, basing this conclusion on the 
■ fact that fused mixtures of the two aluminates are less 
readily attacked by water than calcium aluminate. This 
is, however, also consistent with the formation of a series 
of solid solutions. 

Calcium and magnesium metasilicates form a single de¬ 
finite compound, the douhle metasilicate, CaO,MgO, 2 Si 02 , 
which melts at and forms crystals of specific 

gravity 3*275, identical with the mineral diopside .2 A 
complicated series of solid solutions is also formed. 
Mixtures of the orthosilicates behave rather differently. 
Only mixtures containing less than 19 per cent. MggSiO^ 
disintegrate completely on cooling, as the pure calcium 
orthosilicate does, and from 25 per cent, onwards even par¬ 
tial disintegration is not observed. A douhle compound, 
Mg 0 ,Ca 0 ,Si 02 , identical with the native mineral monti- 
cellite, is formed in these mixtures. If more than 
50 per cent, of magnesium orthosilicate is present, crystals 
of that compound^, identical with the mineral forsterite, 
arefound.^ 41 

fs 

^ Op. city p, 61. 

2 E. T. Allen, W. P. White, F. E. Wright, and E S. Larsen, Amer. /. ScL , 
1903, [iv.] 27,1. 

3 Hermaiiii, Mitt, k Material- Frilf. Amt., 1906, 24, 246. 





CHAPTEE IV 

THE CONSTITUTION OF CEMENTS 



In discussing the constitution of manufactured cements, it 
will bo convenient to limit our remarks at first to two pro¬ 
ducts, viz. Portland cement and the cement prepared by 
granulating blast-furnace slag. The technical importance 
of other materials, such as hydraulic limes, Roman 
cements, and “ natural ” cements, continually diminishes 
in proportion to that of the more thoroughly burnt 
ducts, and their chemistry is moreover of less intere#, 
their components being largely the same as those of Port¬ 
land cement, but in a less complete state of combination. 
Their chemical characteristics will be briefly summarised 
at the close of the chapter, together with an account of 
the materials employed as pozzolana. 

One fundamental difference between the two typical 
cements selected for treatment presents itself at the 
outset. In the manufacture of Portland cement, the 
materials employed are heated together to a temper¬ 
ature at which sintering takes place, but the heating 
stops considerably short of complete fusion of the 
mass. On the other hand, the slag produced in the blast¬ 
furnace is formed from the reacting materials at a 
sufficiently high temperature to render it completely 
liquid, in which state it issues from the furnace. Now, 
fdiemical rtjactions between solid substances, even when 
these aro very intimately mixed, proceed very slowly, and 
are likely to be incomplete after the longest period during 
which heating is continued in technical practice. One of 
the most conspicuous advances in the manufacture of 
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Portland cement since its invention in 1824 has i)oen the 
progressive increase in the temperature of burning. Each 
successive improvement in the form of the cement kiln 
has had the effect of raising the temperature attainetl, and 
manufacturers now aim at thorough sintering, that is, at 
the liquefaction of the most fusible eutectic in the mixture. 
The question naturally suggests itself to the chemist, 
accustomed to heat his materials to fusion, whether it 
may not be possible to carry the improvement still further, 
and to heat the reacting materials so strongly as to 
melt them, thus ensuring a perfectly homogeneous and 
thoroughly combined product? Portland cements have 
been prepared on a laboratory scale, using platinum or 
iridium vessels and electric fumaoes, and the dense, 
crystallino products thus obtained have proved to be true 
cements. The homogeneity of the product would have 
great advantages, especially those of complete tnistworthi- 
nass and of the absence of thcsse puzzling changes of setting 
properties which are apt to occur during the storage of 
even the most carefully prepared sintered oeinenb*. The 
passive from laboratory conditions to those of technical 
practice is admittedly a difficult one, but it wojild Iwj rash 
to Miume that it will not be made. The produotiem of 
very high tempewdiur«B is now a noeossary element of 
several motallurgioal and other industries, and many of 
the problems conneoted with it have been solvwl. Con¬ 
sequently, although the temperature requiretl to fuse 
cement is higher than that attainable in a kiln, It Is 
quite possible that rnmni may be found, either of enrich¬ 
ing the m supply by iemoval of a part of its nitw^en, 
or of employing eleetrieal heating as an auxiliary to the 
obmbustion of fuelt The next step of fundamental 
imponanoe in the Portland cement industry may jwove 
to be in this direetton. 

''■'4 'fflkmat, /. m Cfe* IwA, !«, m, I«0. Tlw> funkm .g 
eeaeal; l»d mggmei by W. Jlktollla 
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Tli« csstiutial coin|M>nent8 of Portland cement are, as 
in llio chapter, lime, alumina, and silica, 
whilst magnesia and ferric oxide are only of subordinate 
iinjiortanco. To detormine the manner in which these 
oxides arc associated and comhined with one another in 
the clinker and finished cement has been the object of a 
very large numlier of investigations, proceeding along 
several different lirust of approach. It is not proposed to 
review in this phwso the work which has been done, or the 
nunrereus and conflicting hypotheses which have been 
proposed to explain the facts observed.^ Some of these, 
iMsed on laborious and careful experiments, and devised 
with groat ingenuity and scientific knowledge, have now 
merely an hmtorioal interest, having been rendered ob¬ 
solete by the discovery of new facts or by the advances 
in our knowledge of physioo'ohomical laws, whilst others 
have been devised for the explanation of some limited 
ekiis of foots, without proper consideration having been 
given to other facts ineonristent with the hypothesis. 
Like other branches of techmoal chemistry, the chemistry 
of Portland cement is unfortunately overburdened with 
contributions to its literature wWch have no permanent 
Boiontiflo value. It is impossible to speak dogmatically 
at the present time of the constitution of cements, and 
the most that can bo done here is to give a summary 
of the most trustworthy investigations, to make some 
attempt to indicate the present state of our knowledge, 
and to indicate the directions which offer the greatest 
prtmwct of suoeeiw in the future. 

The author whrwo publications have had the greatest 
lnflu«ic« in determining the ideas held as to the con- 
»4itutlon of hydraulic cements is H. Le Ohatelier, whose 
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first paper on the subject appeared in 18K3.’ Wo owe 
to him the application to cement of the methods of 
petrography, as employed in the study of rcjcks. By the 
systematic investigation of microscopical sections, com¬ 
bined with chemical processes of attack, ho wjis able to 
indicate with considerable certainty the character of the 
principal constituents, and to distinguish between those 
concerned in the initial sotting and in the subsetpiont 
hardening of the cement. His work on setting is con¬ 
sidered in the next chapter. His conclusions as to the 
microscopic structure were subsequently confirmed by the 
entirely independent work of Tdmobohm,® who gave <U«- 
tinctive names, now very generally adopted, to the cont- 
ponent “minerals” observtd in thin seotions of eomeut 
clinker. Synthetic mporiments wore also made by 
S. B. Newberry,® 0, Riohatdson,* and 0. fkshotfc.® Th« 
following account is derived from their memoil», supple¬ 
mented by those of G, Gallo* Mid by recent observations 
of the author. 

Cement clirJker as erdiwoiy prepared Is not a homo¬ 
geneous substance, but conste of a Hne-giutned mixture 
of several solid phases. It is therefore impossible to draw 
conolurions of any value from a study of its oboinical 
reactions alone. olMwrved action of a reagent in meh 
a case is the sum of ite iwwtions with the separate eon- 
stituents, and depends on the proportions in which they 
are respectively present. Heno© the only methods capable 
of yioMing trustworthy waits are those which enable us 
to deal with the indlviduid constituents soparntely. Tlio 

» Gompt. m>d., iSM, 90, imt 4m. Om Mhm, Wl.WItl IS. SWS, 

PIIP^ 

• Udtr ilU da Pa^mdumma, itoekbiitin, IWT. 

» a B, «tttl W. a Miwrbwvy, /, S»e, C*m. M., mi, 10, W7, 

«■ Plp<w-a«*« Ailaelfa City, 

» mtrnttMttrn, IlfMftibwfr, im 

* tteo. eitm, m., 190S, 88. H. 14*, IBI. 






THl CONSTITUTION OF CEMENTS 8i 

ocmditioiis have a cIokq parallel in the case of the igneous 
HMskR. It would Iks impossible to determine the stnicturo 
of a granite by olwerving its behaviour towards reagents, 
using either fragments of the rock or a fine powder, Tho 
reiwitions with the (juartz, felspar, and mica rospootivoly 
wouUl Iks sups'rimpoMwl ami confused, and the resultant 
lUition would give only a meaningless average. Two 
methods of overcoming this <lifficulty arc employed by 
potrograjshers. The rock may be crushed to smsh a 
degree of linoness as to release the constituent sirystal 
grains, and tho iwwder thus obtained suspended in liquid 
bf suitable densities, so bringing about a separation of the 
lighter and heavier minerals. In skilled hands, this 
method is capable of giving very accurate results. It 
has l»oon appl!o<l to cement,* but with loss success, 
principally owing to the close intermixture and friable 
character of tho constituents, rendering a separation im- 
jKMwible until the whole has been,reduced to a fine flour, 
when the particles no longer settle satisfactorily after 
suspension in heavy liqnl^. Tho minerals composing 
such amok as granite am Opmparativoly tough, and are 
(ietachod by a moderate degree of fine grinding, and it is 
only when those conditions are fulfilled that satisfactory 
results can bo obtainotl by tho suspension method. 

The soooimI method, which is more generally appli¬ 
cable, comnsts in examining prepared sections by moans 






The grimling «f thin (MKJtiotis f«»r niijjnwwnjiiwil work 
wan firat otiiployod in a piihUshwl minnoir l»y H. Withitni * 
in 1831,* in the Htudy of fonsil plant*, t>iit It* introduction 
»i* a moans of Bystoniatio rosoaroh is undotiUtolly duo 
to H. C. Horby,* who baitfxl upon It » iiwthod «rf idon- 
tifying ininorals in igiioott* and nodtmenlary nicks. Its 
application to potr<^aphy has given ri*o to mi elaborate 
technique, enabling the opentt<»r to deal with brittle and 
friable rocks as well as with those whieh are hard wid 

tough. , H, 

In preparing a section of ooment clinker, a chip or 
suitable sia©, such as l-Sx I’RxO-S cm., k gnitilld on one 
of its faces until approximately Hat. A carboniwliiin 
block, used for grinding tools, is a convenient surface on 
which to {lorform the wbbing. Moistening with wator 
must bo avoided, on account of tho reMlInowi with which 
the cement is acted on chemically, btit a little turpentine 
may bo used to fiimlitide the grinding. A aecond carbo¬ 
rundum block of finer ppuln la used to remove the scratohm 
caused by the find, ami the surface b finally |wlf«hod with 
rouge and turp«atlno ffla a plate of glass. Tlie smooth, 
mlrror-like surface thus obldinod is ceineiitoii to a small 
piece of thick glass moans of propansl dry Canaila 
balsam, roftened by hwd. When firmly attached, tho 
glam is us^ t© fUj^rt the specinten during the pnsjess 
of griwling the aerond fie®, which li iremwl in the same 
niMiner m the find. When the se^lon is siifiyefiily 
tWn, the second fan® is polished, wal th© CJaiwla Imkam 

* f*f FmMii lliii 

WfilWIfl fftilll Wllliiltli Mtisrf* wlirMlff t^i< ft to IW?* ! ' 

* iimffit /♦ 14, ,, '•;! -*tu> 
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by reflected light. These two methods, together with a 
third of ocoiuiional utility, which consist* in examining 
tho powilorod substanoo by transmitted light, either alone 
or in a transparent medium, will now l» deMribecl. 
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softoncfl Ity boat; tho section is then pushed off the glass 
Hupjwt, washed with turpentine, mounted on a inioro- 
Hcopo slip with a solution of Canada balsam, and oovorod 
with a cover-glass. 

Tho griiHling of so friable a substance as cement is 
itnieh facilitateti if tho speoimon is first boiled in a solu- 
t.iom of CiuHMla iMilsam in benzene or chloroform and dried 
before grinding. The pores are in this way filled up, and 
the toiighnesK and tenacity of the specimen is greatly 
increased. 

Both Lo Chatelior and Tomobohm observed four dif¬ 
ferent kinds t»f crystals in sections thus prepared. Tho 
names proposed by Ttimobohm, of (dite, hdite, adite, and 
/dUe, have iKteij generally adopted. Of those crystalline 
^constituents, alito arid oolite are tho most important, and 
proi)ably tho only essential, 

Alite 'jw'esonts itself in sections in fairly woll-definod 
orystals, whilst oolite ap{)ear 8 principally as a filling ma¬ 
terial liotween tho alito grains. This cirenmstanco at oneo 
suggests that the alito is tho {»lmipai product, formed by 
a chemical reaction between the materials in tho kiln, 
and that tho oolite roprojents tho more fusible portion, 
which has teen liquofiotl at the temporatnro of sintering 
and has then solidified as a outoctic mixture. Colito is 
darker in colour thari alite, tho differonoo being attributed 
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forms point to insuflficient burning of the clinker. The 
quantity of alite increaseiS with the proportion of lime in 
the cement, so that ceihents low in lime contain a pre- 
ponderatingly large proportion of celite. 

Belite is an accessory constituent, found principally 
in cements poor in lime. It resembles alite, but has a 
darker colour, and commonly exhibits fine striae, intersect¬ 
ing at angles of 60°. All its properties indicate that it 
contains less lime than alite, and the fact that such crys¬ 
tals are sometimes observed to be in a state of partial 
disintegration has suggested that they consist of, or at 
least contain as one of their constituents, the unstable 
dicalcium silicate (p. 67). 

Pelite forms rhombic crystals, and is not very fre¬ 
quently observed. It is found in blast-furnace slag, 
especially in that which has partly disintegrated. It 
seems probable that belite and felite are two forms of a f 
single solid solution, corresponding with the hydraulic 
and non-hydraulic forms of dicalcium silicate respec¬ 
tively.^ Felite may e<Mlain magnesium when this is 
present in the clinker, as it is found that calcium ortho¬ 
silicate can hold a considerable quantity of magnesium 
orthosilicate, amounting possibly to 19 per cent., in solid 
solution, without alteration of crystalline form. 

One of the means of determining the chemical nature 
of these crystalline constituents consists in examining a 
series of preparations of progressively varying composi¬ 
tion, and observing the variation in the relative propor¬ 
tions occurring in the microscopic sections. Eichardson, 
using laboratory preparations from pure materials, found 
that a mixture in such proportions as to allow three 
molecules of lime to each molecule of silica, and three 
molecules of lime to two molecules of alumina, contained 
both alite and celite, whilst a mixture containing much less 
lime showed an increased quantity of celite. Eichardson 
1 H. B^ppen, Tonind, Zeity 1906, 29, 370. 
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concluded that alite was a solid solution of tricalcium sili¬ 
cate in tricalcium aluminate, and e#lite a solid solution of 
dicalcium silicate in dicalcium ^ilfeiinate, both solutions 
havmg only a certain limit of concentration, as further 
additions of calcium aluminate caused the appearance of 
a new micrographic constituent. Such a condition never 
presents itself in commercial cements, which contain only 
a relatively small proportion of alumina. 

Le Chatelier made the interesting observation that the 
grappiers or hard nodular masses which resist slaking 
in hydraulic limes, and yield a true cement when ground, 
consist almost entirely of alite, with a minimum quantity 
of inter-crystalline matter. The analyses which follow are 
given in his memoir : 



SiOg. 

CaO. 

AI 2 O 3 . 

FegOg. 

CaO : SiOg. 

Grey grappiers, Paviers 

M ,, Teil . 

Green ,, Senoncbes . 

Percent. 

26*0 

26*0 

25-6 

Percent. 

,jK 

Per cent. 
3*0 
3-6 
3-6 

Percent. 

1*2 

0-8 

07 

Ratio, 

275:1 

275:1 

2-85:1 


the last column giving the ratio of the equivalents of lime 
and silica. As this ratio is not far below 3 , the conclusion 
drawn from these figures was that alite was essentially 
tricalcium silicate, retaining only a small quantity of 
aluininate as an impurity. The fact that it is possible to 
obtain an alite almosf free from alumina does not prove 

<i. of ordinary clinker is free from” 

^ alumina, as it is characteristic of a solid solution that its 
composition may be varied within limits without change 
in appearance. ° 

Crystals of pure alite were prepared by 0 . Schmidt 
^ and K. Unger ^ by heating a mixture containing about 
^ 67 per cent, of lime to fusion, j^hm the whole mass be- 
came crystalline, and drusy cities were found into 

^ O. Schmidt, ojp. cit,, p. 102. 
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which crystals of alite several inillinietres itj leoj^th pro¬ 
jected. Those alito crystals wore provwl microfiluiUiietiHy 
to contain alumina as well a« lime ami siHca, Two 
analyses gave the following results 


l*«r wit. I’croeiit. I’er «#«». tWwit. i 
B7-I3 28-Sn 8I« 8« i 2'M ' 

BTflO «•» 3-73 ; tm 2Ki ■>' 


The ratio of acids to bases is very nearly 1 :S.* The 
mioroBoopioal examination of these large oiyatab proved 
them to bo coiiipletoly homogcntHitis,»» that wo am feilly 
justified in regarding thorn as a solid solution of onloittni 
silicate and aluminato, but not in assiipiing to them any 
definite oheinieid forntuk. The pnoral mass of <tho 
clinker was composed of similar alite eryalals separated 
by mioroorptaUme aggr^at«» of oeltte, which we have 
seea reason to r^rd asaeutwtio mixture. This walSB 
eonWined more alumina, slightly Iwe lime, and wnsider- 
ahly teas silica than the alite, hut it was not found ptwsible 
to isolate pure eeUte lor analym 

The porous wml friable character of Portland content 
clinker makes the propiuratton of thin sllow* for mloro- 
soopioal examination by tmnsmitldi light a tedious and 
difficult matter, as the sections aro ap^ to himit into pieces 
tofore a wffioient thinnew is reaeh^I. Cohumjucntly, 
sections of clinker conintonly show a eertaiu ovt rliij.pifiu 
of the orptal*, and it is only here and there, particularly 
in the neighbourhood of the air*cavltte, thai s-iui.'!. 
Isolatwi crptals can l>o olwerved mmI •xamhwil h* 
polarisetl light, withmit errow due to the ovorhippiii^ of 

» flia wti0lt pi thp Initi l«l»g In. Ilfi ftriroi# wi mil 
in laiei. Hi# totel pf tkm «! Im»» Hm 1*^ r.t^wvr p vj:? 

uttcl lii# mkh tUk h l« feltui'ii'- tiw-fi*- vi 

regsrtltBg til© ' 
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(Uttbreut structural element. Those practical 
are avoidied by awlopting the method, alrciuly familiar 
to' metallographists, of examining a single pfdishod and 
etched surface by refleeted light. Metals and alloys do 


ground, and the mctho4 to ho desorihod is thorcforo the 
only one applicable to them. Hpocimons propansd in this 
way are hotter mlapUsl to reproduotioir for the purpowss 
pf a perujaticnt record by photography than transparent 
sections, and are for this reason also to bo preferred. 

• One surface of the specimen soloctotl, having been 
ground Hat on a earljonindum block as described alsjve, 
is more finely smoothed by ruhlfmg to and fro on the 
emery pajjers 000 and 0000 usetl in metallf>graphy. It 
is then jKjlishod with rouge or alumina on a piece of 
stretchecl '* beaver" cloth, aiut finally doaned by gentle 


examined with a lens, the surface will bo seen to have 


cant, so 


It li necessa^ to 
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shown in Fig, 6. A horizontal beam of light from an 
incandescent gas lamp or a Nernst electric lamp is thrown 
by means of a lens into the lateral opening of the illumi- 
nator at A. It then falls on a thin disc of glass B, which 
^is mounted on a pivot about which it can rotate. In its 
normal position, it is ij^lined at an angle of 45° to the 
axis of the microscope aAd to the entering beam. A part 


Diagram of Microscope arrangeU for Vertical 
Illumination. a 


of the light is reflected from the surface of the glass, 
passes down through the lenses of the objective C, and is 
focussed by them on to the surface of the specimen D. 
The reflected rays retrsme their path through C, and 
passing through the glass plate B ascen^ the body-tuho 
of the microscjope, and after traversing the eyepiece reach 
the eyd of the obserrffe The loss of light at the two 
reflecting surfaces’of the inclined plate is considerable, 










Ht »inu 


is oa.aiIy adapted for 


It 18 necessary, for oxamiriftlt^ under vorLioal illu- 
rnination, that the Biirfnco of tlio spooiriien sliould Iio 
accurately fiorpondicukr to the optical axis of the inioro- 
seopo, that is, that it hIiouUI be parallel with the Hurfaco 
of the stage. This is roatlily elleoted by *i simple device 


.IfsomiiiBg Sfeolmtus ter bj 

Eolliielffl JLlglii 

polkhcd face downward«, on a cleam shoot of glass. A 
brass ring of suitable height, and having exactly parullol 
«ndH, is placwl round it, and a small pieoo of artists’ 
lilastbiu® i« j»kced on th« s{>cciineii. A glass microsoojie 
dip is then premeddownonfcho piiwtidne until its surface 
u in coiitaot with tho ring (Fig. 6). On iuverting the slip, 
the s|s*«!itnt»n is found to bo attached to it by the 
lilastbititt, iiiwl tho polishiHl uurfaee is parallel with that 
of theglasi*. Jiovoral tings of suitable height for mounting 









90 THE CHEMIKTRY OF CEMENT 

comiuLcid for u«eiril*^ut a cotcr-gla«8 > uk tho rdi(!(ili()ns 
at the surfao#of a cover-glam when vortical illumination 
iK UHorl render the Ktnicturo practically inviKihlu. An 
eyepiece of nnodium power ia the most convenient. 

When an onlinary cement clinker, from a stationary 
kiln, is examined hy the methwl just doscrihed, after etch¬ 
ing with weak aoid, it is ojisy to recugniso that the greater 
part of the material is composed of crystals of a single 




general character of this struetiirc is seen in Plato 1. i. 
The crystals are those of the principal constituent, which 
is evidently identical with alite. The <lark colour is not 
iidiorent in the crystals, hut is duo to the action of the 
reagent. Alito is more roatlily attacked by water and 
aci<iH thmi the intercrystalline matter, and is therefore 
oaten away U> some extent tluring the short period of 
immersion in the etching reagent, m) that the eiystals 
l^amo depressed slightly below the surrounding level. 
The intercrystalline material is probably identical in the 
main with wha^ has l»oen descrilax! in transparent sections 
as oolite. An examination of the photomicrograph shows 
that two different substances are prwnt in the inter- 
crystallino matter. That present in larger quantity is 
grey in colour, and has a dull surface like that of liroclay. 
The other, which fills the intercrystalline spaces in the 
same way m the grey material, is white, like hard 
porcelain. Close inspection reveals that Ijoth those suIm^ 
staiMses have, hero and there, a structure resembling that ’ 
of eutectic mixtures in metalik alloys or igmsous rooks. 
If the 8{>ocimen is otehed with water alone* without the 
application of wr» acid, the first mentioned material appoam. 
darker than the alito orystala, whilst the seoond has the' 
name white porooltin-Uke appearanoo aa ip the other’ 
seelAon. This ©ieot is seen in Plato ii„ ♦hH^presonff 
the same speeimen of clinker as P!at4if i ft© nature of 
this white sutetwace Is ancortain, mrl demands ^iiithor 






PLATE r. 




i. Etched with i EICL Vertical illumination, x 300 diam. 


ii. Etched with water. Vertical illumination, x 300 diam. 
Clinker from stationary Kiln. 
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lBwkijjali««i. 11 oltnorval ii» all clinkers. It m 

cvKbnt that Iluj wl»4« of tho vuhmblc projiortioK «r tlie 
eeiiitjnl rewiU) in the alito, llio intororyHlunhn! nuilku- 
Ueiuj; inurt, »«t k wlitmu by iU re«i«taiico water and 


clinktr fr«nu a rotary kiln liiwt essentially the »ini(i 
strttet nro.liut a« the heating luid cooling procesHBs are nuuslt 
uu»rerui*i(l limn in tlio aUtwinary kiln, anti the gmiittles 
„f clinker are sniall. the Htrncturc _i» finer in gruin. Idatcj 
I Li. sliowH a iwjotion of rotary kiln elinket*, otokeil with 
tliimo aciil. The wlitc crystidH aro, m Imfore, tlark, und 
the intcrcrystalliiw matter light. The latter- appuarK Ui 
Iks liotn€»gennmi», the ouoling prnliaWy Imving been ton 
rapid for the deTOlopraont of a (Imtitiet eutoetks strncturo. 
The tkigrw of iMirowty of the clinker is noon in Plato !L iL, 
a nhotoinicrngraph of the sumo apeeitnon iintlor a lower 
magnifltmtbn. The large dark areas are ga«-ouviiieH, ami 
it iaovittent that, in spite of tha hardnew of the oliuker, 
its texture is extretnoly tj|»@n, like that «f puiniiee. 



Tm* IUtio m Tii» CoMiroNKiTO im €bmbnt. 

It folloir«, from what hm been wad os to the nature 
of the constituents of cement clinker, that tho^ relative 
tweportion* of the «M©ntiaI components, lime, silieu, ami 
alumina, may vary within rather wide limits without 
tmtirely changing the oharaoter of th« eemont. Witlim 
those llmihi the propoities vary eontiniiously with the 
c^impoaitkin, hut if the limitn »r® pusaod «i ehhor 
direction, wu alffiipt ohai^ takes place, ami the csMciituu 
ehanwter of the oemont i» altered. 

An kfflteaaet in the propertiott of lim® yields a Htnmpr 
cement, until » limit i» ©xcoeded, beyond which the 
o«io«nit beooiae® umoaod. An increase in the aUimina 
hMifceiw the setting, and the diffemne© between ikw- 
ifinting nnd t|«iok-watting eemenfce, the frooofw of itianii- 
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facUiro being thoHiimc,i8 mainly tlcpondunl tm Uiik factor. 
Ferric oxide, as has already boon noticed, has an exactly 
similar chemical function to alumimi, and in calculat¬ 
ing the proportions of a mixture, the «»nn of these two 
components, AI^Og-fFojjOg, is taken into iwicoimt, under 
the general name of “ sesquioxidcs.” Ferric oxido iniiu- 
cnces the cliaracjter of the product in two ways which aro 
indopondont of its chemical behaviour, by its colour, an 
excess of ir(»n causing a deepening of the colour, and by 
its effect on the fusibility of the mixture, the ferrites 
lowering the melting-point more than tho aluBimatOK, so 
that tho sintering-jK>int is reached at a hjwer tomporatnro 
when a part of tho alumina is replaced by ferric t»xidc. 

Alkalies also increaso tho fusibility, alkaline silicates, 
like tho forritw, acting as a flux towards tho other in- 
gredionts. Magnesia also, if present in the day, facilitates 
sintering. 

Numerous fdrmuhe have been devised to represent 
the limits of competition within which goed Forthuid 
cements miiy bo prep<u-ed. Le Chatelier,*” starting from 
his assumption that the O0m|K)nents oontainccl in cement 
had tho formulffl SCaOHiO, and SCaO.Aip,. amsiderod 
that the upper limit of lime permissible in a clinker was 
fixed by tho formula 

CaO+]M „ 

the molecular ratios of tho components being taken, and 
not their percent^es by weight.* The ex{H!nmenta of 
Newltrry and Hmith, and othom, have shown that cements 
prepar<xl in the laboratory are sound if the Hum does not 
exceed the almvo limit, but that a small further iwlditjon 
of hmo produces unsoundness. On the industrial scab. 


i^a 
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o-wing to tike imperfection of the ignition, which does not 
allow the reaction between the conaponents to proceed 
to completion, the permissible limit is somewhat less. 
X,e Chatelier, considering that calcium ferrites caused 
X-insoundness, omitted the ferric oxide from the reckon¬ 
ing, with the intention of leaving it unsaturated with 
lime. The great similarity between alumina and ferric 
oxide makes it desirable to reckon these two components 
together, and to replace A.\0^ in the above formula by 
Al 203 - 1 -Pe 203 , this sum being denoted by R 2 O 3 . The 
value 3 is,, however, too high in practice, and the present 
British Standard Specification has as the upper limit of 
lime « 

Si02-t-Al203 

This formula neglects the magnesia, a procedure which 
is justified by the fact that magnesium silicates do not 
behave as the equivalents of calcium silicates in cement. 
On the other hand, the total sesquioxides are generally 
> taken into account rather than the alumina alone. 

Le Chatelier also devised a formula for the permissible 
lower hmit of lime based on the fact that the presence of 
dicalcium plicate, being liable to cause spontaneous dis¬ 
integration, is to be avoided, but the formula was^ not 
based on experiment, and the lime limit set by it is so 
low as to be of no practical value. The manufacturer of 
a high-class cement aims at approaching the upper limit 
as closely as is consistent with soundness. A cement 

MgO=40-3; SiO,=60-3; Al^Os^lOS-S; re30,=159-7. A cement oontain- 
ing 63'4 per cent, lime, 1-2 per cent, magnesia, 23-8 per cent, silica, and 
6'8 per cent, alumina, has the ratio 

63-4 1-2 

56-1"^ 40-3 
23-8 

60-3’^102-2 

■ on this basis, ox 2-51 if the magnesia is omitted. 





* Hw || to W. lliobKinio. 


if th® magnesia is n^l@ote<l, or 1-07 if itiagncwa is 
reckoned with the basM. La Chatelier’s ratio for the 
wtme eem<mt k 2*44, 

Yet another mode of exproseii^ the composition ha« 
been propowfl by S. B. Hewborry * who, taking into 


prepared in a rotary kiln is capaldo of holding a rat her 
larger proportion of lime in solution with safety than one 
made by the older process, on account of the somewhat, 
higher temperature reached, and especially of the more 
uniform distribution of temperature. 

The jiroportions in the al>ove formula} are molecular, 
aud a calculation is therefore necessary to conv«>rL t he 
ordinary proportions by weight into those reeiuirtsd by the 
formula. Although the lal)our <}f such a calculation is 
small, especially when a slide-rule is used, the necessity 
hits boon avoi(lod by the use of formula) containing only 
proportions by weight, and such empirical formuho are in 
use in many places. The most usual practioo, especially 
in Germany, is ta odd together the percentages of lime 
” and magnesia (sometimes also that of alkalit») anti to 
divide the total by the sum of the iweentages of acids— 
silica, alumina, «ad ferric oxide. The total is called the 
“hydraulic rnotlulus” of the cement.' The Gorman 
Association of Portland <^ment Manufacturom requires 
in its (lofmition of Portland cement that there shall not 
be loss than P7 parts by weight of lime (magnesia is not 
taken into account) to one part of acids. 

A cement containing 62'95 per cent, of Hmo, 23*34 per 
cent, of silica, 9*12 per cent, of sesciuioxides, and 1*05 per 
cent, of magnesia, has the hydraulic modulus 
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iMfmrtnit Jh« fii«f that a cement rich in ailioa may wifely 
oonyubti more lime than one rich in s^uioxidow, fisea tho 
upper limit by tho formula 


CaO-Rp, 

giO, “ 


2 - 8 , 


pBreontage* by weight Ijeiiig omployod. This value ia 
t«rmc*d the “ lime factor." Tho linio factor of tho emtumt, 
Jiiat mcntiimcd i« 2 . 1 . In practioe, tho value w alwaya 
coiwidorably Wow 2*8. Should tho »iew|iuoxideH Iw high 
relatively to tho alica (more than l; 2 - 0 ), it i« domrahlo 
to employ a high factor, in th® noighbourhootl of 2'7, in 
owler to avoid mpkl sotting. 

It is to bo notod that aueh formulw mi tho alKivo are 
really indepondont of any hypothoam aa to the exact 
compoMtion of tho compoiinda of litn® with silica and 
alumina. Allhcmgh in some imtaiioea fllW doviwMl on tire 
basis of thowrotical ideaa, they derive thoir chief supjrert, 
from MMdysM of eomonta which have provoil their value 
in pmctico. When Portland oements of equally high 
quality, but jirtparixl from different raw matorialH aiul 
often in different ooiintrios, wo ooinpwed, a remarkable 
similarity iit chemical eompcwitlon, at least w regards tho 
ratio of baswt to acids, is oleiervml. The theriretical Iwaring 
of this fact has already lieiin indicated. 


’ Fail Limi. 

'v, ^ A question which him given rise to much oontroveray 
't ^ k that' of the j»w«ibl 0 proaono© of " freo limo ” in Fortlaml 
othof (wmeiitii An imsmind oomont is one which 
tmdttrgoiii* a change at some time after setting, rwuiting 
hi an expatisiMi of fohime, piwluoing oracks or, in ox- 
,,, , ’ treiiio emm, complete dWnt^fimtbn of tho mass. IIuh 
te - Isdtig obwrvisd partleulwly in aments containing 
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more than a normal proportion of lime, anfl being Very 
similar to that produced in the slaking of quicklime, was 
naturally attributed to the* presence of uneombined lime 
in the cement before mixing with water. A method of 
detecting this “ free ” lime was therefore desirable. The 
earlier investigators merely agitated a sample of cement 
with water and filtered rapidly,* then determining the ' 
alkalinity of the filtrate. The assumption was thus made 
that under these conditions the calcium silicates and 
aluminates were undecomposed. It is obvious, from what 
has been said above as to the properties of these com¬ 
pounds, that such an asaimption is not justified. The.., 
calcium compounds contained in cements are so readily 
hydrolysed that lime is always extracted by water under • 
such conditions^ Many attejnpts hafe therefore been 
made to find a reagent or sol'^^t for Mme which should, 
be without action, on the silicates and aluminates. Solu¬ 
tions of sugar in water, ^of iodine, hydrochloric acid or • 
ammonium salts in abs^Sfe-aleohol, or of phenolphthalein 
in alcohol, acetone or Chloroform have been employed by 
different investigators, whilst others have attempted ’ td 
determine, from the quantity of heat developed during 
hydration, the manner in which the lime-is combined.^ It 
is unnecessary to discuss these methods, as one arid all fail’i. 
to yield any intelligible result, and theltequirem'ent that a 
cement shall “ contain no free lime ” has now disappeared 
from practically every spCcifiation. It is of interest, how- . 
ever, to consider the form in which lime must be present 
. in order to produce expansion after setting. The addition 
of a small quantity of amorphous quicklime to a cement • ,1 

after grinding does not produce expansion, as slaking takes^ 7 

place rapidly during the process of gauging with water,' * ' 

and the lime is thus rendered harmless. Strongly ignited ; 
lime slakes slowly, so that its conversion into the 
hydrated form may not occur until after the bulk of the 


■Ms 




's- 




* W. Ostwald and B. Blaack, Ind, Zdt, 1883 . 
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cemonfc is set, and the resulting incroaso of volutno may 
bo sufficient to cause complete disintegration, 'riiim, by 
the addition of 1 |)cr cent. ®f dense lime, prepared by 
igniting calcium nitrate, to a sound ooinent, an expanBion 
of 10 per cent, may bo preducod. Artiticinl mixtures 
prepared in tlio laboratory, containing 70 per (sont. of 
limo, arc found by the microscopo to contain crystalline 
culies of lime, and such mixtures alway* oxpaml after 
setting. 

Wo know Mule of iho properties of lime in a stabJ 
of solid solution, but it appears probable that in this 
^ condition it reacts so gratlually with water tliat a marko<! 
expansion is not prcxluced, and that the lime oausing 
expansion is that present in excess ever the quantity 
required to saturate the solid solution of oalcium silicate 
and alimiinato. A thorough microsoopical investigation 
of the oMnker yiehling imsound eements Is desirable, with 
the object of determining whether the lime to which the 
defect i« due is always pvweariMi a distinct crystalline 
oonstituont or not. It is safe to say that so ehomieal 
method of estimating or even of recognising free limo in 
a cement exists. For practical purposes, the tunn “ free 
limo’^should bo almiuloriod altogether, and reliance sbon Id 
be placed, as is done in the loading modern spoeifioatlons, 
only on owofully eonsitlercd tests for ccmstancy of volume 
after sotting (see p. 163). 

r 

(IttANUIJiTKD SlAO, 

Mixtures containing silicates, such m the blast-fumaoe 
Ags, have a groat tendency to assume a glawiy form if 
cooled rapidly from the liquid stide. The phenomenon 
i» one of undercooling. The paM^e from the liquid 
to the sfdid (crystkllime) state is accompanied by a re¬ 
arrangement of the moleonlea, which take up a dofinito 
orientation it» the cCTstah. The visoosity of tnolton 
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silicates near their freezing-point is so great that this 
rearrangement does not take place unless a coiisidoralile 
time is allowed. If the time be insufficient, the particles 
retain their irregular (amorphous) arrangement, and, the 
,pidly iis the temperature falls, the 

> a state in 
a solid, but the 


viscosity increasing ra[ 

slag passes from the definitely liquid state to 
which the rigidity approaches that of 
slag is devoid .of crystalline stmcturc. Such a suli- 
stanco is called a glass. Glasses are thus not solids, in 
the strict physical usage of the term, but greatly under¬ 
cooled liquids, having a very high internal viscosity. 
Below the freezing-point, however, the stable condition 
is that of a completely crystalline solid, and the glasses, 
being unstable, must tend continually to pass into the 
I stable state, the" tendency being rmtramod by the vis- 
' cosity, which hindens the mobility of the molecuto. At 
the ordinary temperature the mobility is very snmll, and 
a substance may persist indpftnitely in the gla88y_^condi- 
tions, although, given favourable conditions, devitrification 
(the passage of parts of the ghuss into the crystalline 
condition) may begin, and having once l>egun, may 
proceed more or less rapidly. This change is greatly 
facilitated by heat, so that, if a glass is lioatod for some ■ 
time below its melting-point, devitrification haf a groater| 
opportunity of proceeding. ^ 

Slag which has been granulated in water has under-, 
gone such a rapid coolag as to be almost ctwapletely 
glawy. The slag granulated by projection from a re- 
volving surface is less suddenly quenched, and is able 
to undeigo partial ohsoge Into the crystalline condition. 
Hence, if we examine slag granulated in this way micrtN 
seopically, wo find that different granules have different 
structures. Some are almtwst completely glassy, whil^ 

We may apply the smne methods of examination as when 
wevM© dealing with Fortland eemwt, etching with f 
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alcoholic solution of hydrochloric acid. Plate III. i. 
■©presents a portion of a granule which is mainly glassy, 
^tb certain points, however, devitrification has set in, and in 
photomicrograph several points are seen, at which the 
lo V elopment of radiating bundles of crystals about a centre 
a. crystal resembling melilite) has begun. Such spherulitic 
^rra^ngements of crystals are common in devitrified glasses, 
^-mong igneous rocks, for example, rhyolites often exhibit 
a spherulitic structure in course of development 
rom an originally homogeneous glassy mass. 

Some granules, with a more distinctly stony texture, 
>ro‘ve on examination to have a more or less definite 
,j,yg^^aiii 2 ;ie structure. Plate III. ii. shows an area lying 
>otween the crystals in such a specimen, in which a 
listinct eutectic structure is to be seen. The remainder 
hhe^surface examined consists of a very fine ground 
ria.ss, evidently representing an early stage in the devitri- 
ie action, whilst scattered crystals and patches of eutectic 
ridicate a more advanced stage of the process. It is 
mpossible to decide, without considerable further in- 
r^i^tigation, whether this eutectic is identical with that 
^eoognised in slowly cooled Portland cement clinker or 
lot. It is certain that slag, either granulated or slowly 
50oled, does not contain any crystalline constituent re- 
lombling alite, the latter substance only being present 
ri. products rich in lime, that is, containing lime in 
i%:eess of the quantity required to form dicalcium silicate. 

a.ny minerals have been recognised in crystalline blast- 
o.mace slags, including augite and other members of the 
lyx-oxene group. Large prisms of a substance usually 
‘eferred to gehlenite or to melilite (calcium aluminium 
ilioates of the ortho-series) are among the most frequent 
constituents observed in microscopic sections. The crystals 
otxnd in granulated slag lack the characteristic prismatic 
ox’rn of gehlenite and melilite, and their identity is doubt- 
nl. Only basic slags are suitable for granulation and 
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conversion into a true hydraulic cement, and from these 
slaf's melihte is generally absent.' 

There are two possible explanations of the difference 
between granulated and slowly cooled slag. One explana¬ 
tion is that the rapidly cooled material contains a basic 
calcareous constituent in a state of supersaturated solution, 
whilst on slow cooling the solution decomposes, giving 
up the excess of lime in the form of a bivsic substance. 
Free lime has been suggested, bat it is unlikely that 
in a material containing altogether only 40-50 per cent, 
of lime, that compound should be liberated in a free 
state. The second explanation depends on the occurrence 
of polymorphic change in dicalcium orthosilicate (p. (56). 
The granulated slag would then contain the a-form, stable 
at high temperatures, whilst the slowly cooled material 
would have undergone the transformtdiion, either during 
cooling or shortly afterwards, into the j8-form. Both 
processes may occur simultsmeously, but it is to be noted 
that the second explanation does not account satisfactorily 
for the difference in hydraulic propertiM, although the 
attempt to do so by means of assumed difforonees^of 
molecular structure of the two modifications has been 
marie (sec p, 68). 


Natobal and Abeificial Pozssodanas. 

All natural pozzolanas m:© of volcanic origin. They 
belong to the class of volcanic tuflfe, and consist of a 
mixture of gla^y and cryirtiidline partioles. The most 
abundant constituent is fre 9 ,uently a porous glass like 
pumice, but fragmente of a»ny crystalline minerals arc 
also found. Tufi are not identical in composition with 
the original volcanic lavas, but have evidently undergone 

* Se® as elabomt# aerie* ef asaiyewi »b 4 ph<>fcoistoK>gnu4*ii by M. 
Etearafflr, Metailuffk, 1808,6, W, The fslleet mmat at the eonipwi- 
^B^trf^Whuit-ftamaoe elege to ttmt fey W. Kiaheirtse, mU und Sken, 1808 , 



lOI 


THE CONSTITUTION OP CEMENTS 

considorablo choinical altomtion. This is »»»w 

gononilly coiisidoroil to I>« duo to the notion nf «U|M*r' 
h&atcd stoaui below tho earth's Kurfaco. Thti offeot of tho 
subterranean action has boon to reduoo tlio original rook 
to a fine sand or dust, at tho satnc time converting liitndi 
of tho original material into a more choniically reacstivo 
. modification, whilst lime and other basic coni{»ononts 
were removed by the combined action of sti'ani and 
carbon dioxide.' Tho conversion has prooucdwl further 
in Italian pozssolana and in truss than in Haiitorin 
earth. 

Some light is thrown on tho genesis of natural 
lana by a study of tho artificial materials employed as 
substitutes. Powdered tiles, briekilust, and Imnit ballast 
consist alike of strongly lioatod clay, that is, of impuro 
aluminium silicate. A native aluminituii siliciitn, such 
as kaolinito, Al,Pg,2SiOg,2H.p, is inactivo lowartls linm, 
» but if dehydrated and hoatisl to 700-800® it is oonvi>rt«l 
into a true pozssolana,* and rowlily reaote with limo-walur 
to form calcium silicates and aUiminatcs. It is ovidenl 
thfrit tho effect of tho heating has boon to looson the 
corfthination of silica and altunina, and to sot these 
components practically free. Under suoh conditions the 
alumina loses the weakly basic properties wtiich it pos¬ 
sessed in the ktmlinite, and become on aci<!, eotnparable 
in strength with the silica which aoeotiipanles it. The 
altered condition is rooognisahUi by tho solnbiiity in 
alkaline solutions wiiicli iieating confers on the previously 
insrduWo kaolinito. 

The impure clays used itt the making of btieks, tiles, 
and ballast, behave in an exactly similar way. The ferric 
oxi<le present in them reacts like the alumina. Siltoa, 
alumina, and ferric oxide are ail prwont, to a eonsiclcrablo 

» W. Miolaotli*, ahm, ZkU., im, 20, lt»l. 

• O. f/mt. Aim. M.. 1900, 80. U. Isl WebMlto t(hm tiin 

tempemtare m W-IW’, 
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oxtont, in tho natural pozzolanas in tho active furin, and 
arc therefore soluble in alkaline solutions. 


Natural coinont and hydraulio limes do not lend 
tlioniselvos to tho microscopical inethml of study, tis they 
are not sufficiently compact to yield satisfactory soetiom 
Even a cursory examination shows that they arc ml^xturcs 
of lime with substances formed from clay by igtjition. 
They may therefore 1)6 regarded, in a gtsncral manner, as 
mixtures of lime with some form of jHJZjcolana, the tnixtnre 
being of course very intimate on of tho close 

intermixture of constituents in the ©lay or cement rock 
previously to burning. Any explanation, therefore, which 
'can be given of tho behaviour of Ptirtlaml cement ami of 
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OHAPTEK V 

THE SETTING AND HARDENING OF CEMENTS 


The practical utility of all calcareous cements depends 
on the power which they possess, when mixed with water, 
of forming a coherent mass, which in course of time gives 
up the excess of water contained in it, and becomes hard 
and mechanically resistant. Such cements are employed 
in the form of powder, and when mixed with an appro¬ 
priate quantity of water yield at first a plastic mass, 
capable of being moulded or spread over a surface, as in 
the construction of brickwork or masonry. The passage 
to the hard condition frequently takes place in two stages. 
In the first stage, the mass loses its plasticity and becomes 
more or less friable, so that if moulded or re-mixed with 
water the plasticity is not restored, or is restored only 
partially. In the second, consolidation takes place, the 
mass constantly increasing in hardness, until a stony 
texture is finally obtained. In the case of hydraulic 
cements, the change is accomp?mied by the disappearance 
of the permeability for water.<^ These two stages are 
distinguished as the processes of “ setting ” and “ harden¬ 
ing ” respectively. In certain cases, such as that of 
plaster, no such division is observed, the setting process 
being a simple one. 

The mechanism of the changes referred to is by no 
means the same in all classes of cements. The production 
of a coherent mass from a powdered solid and water may 
take place in several different ways, of which the following 
are of importance in th^ connection:— 

1. The crystallisation of a substance from a super- 
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saturated solution, producing a nuwm oi iuterlaoud 

crystals; _ » 

2. Tho desiccation of a colloidal, sonii-solid muss, or 

3. A cheniioal reaction botweeni two or more suoKf ances 

in presence of water, giving rise to a pnaluct 

whichi is (a) crystalline, or {b) colloidal. 

The processes 3a and 36 may pri>ceod Hiinultaneously 
In tho same eeraont. 

Beginning with tho first of those iwssihlo tninles of 
setting, wo find it well oxoniplitied in the cnao of calcium 
sulphate, or gypsum. As far back as 1765, Lavoisier 
showed 1 that tho sotting of plaster of Paris was duo to 
tho recombination of the burnt gypsum with the water of 
#ry8tallisation of which it hjul been doprivotl by boat, the 
hydrated salt then forming a confi^ mai« of crptals, 
the intergrowth of which gave strength to the hardoneti 
plaster. The further explanation of the proo« is of later 
date, and is due to Le Chatelior. Farther work hm 
elucidated minor pointe, but has, in tho main, eonfirmoi 
Ijte conclusions of these two chemists. The principri facts 
may be briefly summarisetl, 

Cypum, as found in the mineral condition, whothor 

S massive or in well-developed crptals, as selenite, has the 
composition Ca804,2Hg0. The water of erystallisation 
is lost when the solid is heated unilor atmospheric 
pressure, three-fourths of it Wng given off at 128": 

'■* 2 [C 8 S 04 . 2 Hg 03 - 20 aK 04 ,Hg 0 -l- 8 Hg 0 . 

■ The remaining one-fourth Is only Imst at 184®, In the 
oidiamry burning df plaiter of Paris, tho teinpomttiro b 
not allowod to rise above ISO®, at which tho dihydmte b 
. converted almost tmnipletely into the bernibytlrato. Tho 
! sanab prodoot may fee obtainei In the laboratory by 

_, i- c'aa^if.^Wsrf,* ITilJ Ot%vr«t III.'IfS, ^ 


■ 
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^’arming gypKiiirt to 40-50° for 18 hours with concentrated 
iiitrio acid. Thus obtainod, it forms distinct rhombic 
(oystiilK. The iieinibydriito dissolves readily in water, 
forniing an unstable supersaturated solution, which tends 
to clop(».sit crystals td Iho dihydrate, and such a deposition 
having licg:uu at some point the series of changes 
continually repoats itself, the hemihydrate dissolving, 
becoming further hydrated, and then depositing crystals 
of the dihydrato. 11 is characteristic of crystals separating 
from such a Bupersaturatod solution that they tend to 
group theniselvoB in radiating bundles, each of which 
starts from some point as a centre, When ordinary 
plaster sets, the (puintity of water used in mixing is so 
small that the partioloB are in close contact, and the 
resulting crystals form a confused and dense mass, the 
strength of which is chio to the interlocking of these 
bundles of radiating prkms. It is impossible to obtain a 
dear photograph of such a mass, but by employing dilute 
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it is in contact, but by tbis process ofdissolving the 
hemihydrate and depositing the dihydfate it suffices for 
the conversion of the whole. 

The existence of the supersaturated solution on which 
the above explanation depends ij^not a mere inference, 
but may be proved by an experiment originally due to C. 
Maxignac.^ A quantity of plaster is shaken with water for 
five minutes and is then rapidly filtered. The filtrate is 
five times more concentrated than a saturated solution of 
gypsum, but it soon becomes turbid, deposits crystals, and 
ultimately attains the normal concentration. 

As the specific gravity of the hemihydrate is 2-75, and 
that of the dihydrate is 2*32, the setting is accompanied 
by a contraction of about 7 per cent.^ This appears at 
first sight to be contrary to experience, as the utihty of 
plaster in the preparation of casts is known to depend on 
its power of filling the mould by its expansion and so 
taking a sharp impression of its surface. It appears 
probable that the setting really involves two distinct 
processes. The crystals of the dihydrate which at first 
separate are not identical with gypsum, which is mono¬ 
clinic, but consist of a second, rhombic modification, which 
subsequently passes into the stable form.® It was found 
by van’t Hoff that the process was actually accompanied 
„ by a large contraction, followed by a smaller expansion. 
Microscopical examination also proves that such a change 
from a rhombic to a monoclinic modification of gypsum 
really occurs. 

The above account &irly represents the course of 
events in the setting of ordinary plaster of Paris. The re- 

^ Arch, $ei. phi/s. UB7B, 48, 120. 

2 2CaS04,H20=290; HaO=18 ; 0aS04,2H20 = 172; volume before 
setting=^^+= 169*5 j volume after setting = = 148*1, a 

contraction of 7 per cent. , 

2 W. A. Davis, J, ^oc. Chem. 'Ind,; 1907; 26, 727. This memoir contains 
a review of the subject and references to the literature. : 







ii. Crystals of calcium carbonate 
formed l)y the exposure of a solution of lime to the air. 
X 90 diani. 
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lations between calcium sulphate and its several hydrates 
are, however, far less simple than they were formerly 
supposed to he.^ Some of the modifications which have 
been observed are without practical interest, but others 
are of importance in connection with plaster and certain 
cements related to it. It is well known that if the 
temperature is allowed to rise too high in the burning of 
plaster, the gypsum becomes “ dead burnt,” and no longer 
hardens with water. In this case the whole of the water 
of crystallisation is expelled, and the anhydrous calcium 
sulphate thus obtained, like the native mineral anhydrite, 
CaS 04 ,is not capable of forming a supersaturated solution, 
owing to the extreme slowness with which it dissolves in 
water, and therefore cannot set. Very slow dehydration 
of gypsum at a moderate temperature also yields an 
anhydrous product, differing from anhydrite in dissolving 
in water and in hardening, although more slowly than 
plaster of Paris. This soluble anhydrous calcium sulphate 
is a constituent of the hard plasters used for flooring, of 
the so-called “ Estrich gypsum,” and of most of the 
medieval plaster cements, all of which are characterised 
by comparative slowness of setting, and by attaining con¬ 
siderable hardness if kept moist during the process of 
setting. The details of the hardening of such plasters 
have been comparatively little studied. An account of 
some experiments in this direction is given by Gary.® It 
is known that the hydration of flooring plaster may re¬ 
quire months for its completion. The addition of Estrich 
gypsum to ordinary plaster retards the setting of the 
latter, and this device may be employed to prepare a‘ 
plaster having any desired rate of setting.® 

The setting of plaster may be considerably modified 

1 See J. H. van’t Hoff, E. E. Armstrong, W. Hinriohsen, F. Weigert, 
and Gr. 3usi, Zeitick. physika. Ohm., 1903, 46, 267, for a summary of a 
long series of investigations on this subject. ** vr 

* Mitt, h Material-Prilf. A'lnjt.i 1904, 22, 50, 

® O. Frey, Tonmd. Zeit., 1910, 84, 242. 
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by tlio })rcsouco of soluble salts iiV the water used for 
mixing it. Some salts, sucli as potassium sulphate, 
aecelerato the conversion of the hemihydrato into 
gypsum, whilst others, such as borax, retard it. It has 
been fonnd^ that the substances which accelerate the 
change are those which increase the solubility of gypsiim, 
and conversely, that those which retard the change lessen 
the solubility. This action of catalytic agents is of groat 
importance in the sotting of cements. The same catalyst 
may affect different cements in very different ways. For 
example, potassium sulphate, which greatly accelerates the 
sotting <»f plaster, retards that of lime and Pcjrtland cotnont. 

The rapidity of setting is also influenced to a very 
marked degree by the addition of siilwtanctss which inter¬ 
fere with the formation of crystals, that is, suhstanow of 
a colloidal character. The addition of a sufficient quantity 
of such a colloid as gelatin to ordinary plaster completely 
inhibits the formation of crystals, whilst the addition of a 
much smaller quantity merely retawls the setting. The 
“retarders” added in the manufacture of wali-plastor, for 
the purpose of prolonging the time during which the 
plaster may be manipulated without injury, are of a 
gelatinous character. 

Thw mode of sotting by crystallisation from super- 
satumted solution » not peouUar to calcium sulphates. 


Many other salts capable of eaistuig in an anhydrous and 
in a hydrated form behave in the mmo way. The experi¬ 
ment is rewlily.porformed with sodium sulphate, or with 
the double wlphate of potassium and calcium. The 



ready solubility of those salto in water renders thon» usc- 
Im as cemento, but anhydrous bariitm iMotasIltcate sets 
by ii |*nM!u.Ms of simple hydretbn, forming a cement of 
c-xactly llic same character as plaster: 

. Ba0,8i0a-f6H,0»Ba0,8i0*.6H/). 

i14 
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Althougli the existence of a solutio#&f the anhydrous 
modification, supersaturated with respect to the hydrate, 
has not been directly proved, there can be no reasonable 
doubt that the mechanism of the process is identical with 
that of the setting of plaster. 

The hardening of a lime mortar is totally different 
in character from that of plaster. No chemical reaction 
is involved, as the hydration of the q^uicklime is com¬ 
pleted in the process of slaking, before the mortar is 
mixed. When the reaction 0a0-t-H20 = Ca(0H)2 takes 
place, the quantity of water present is only sufficient to 
dissolve a small part of the lime, and not to allow of 
crystallisation. Crystals of calcium hydroxide are indeed 
found in many specimens of hardened lime mortar, but 
they owe their formation to subsequent solution in water 
and re-deposition, and are not a primary product of hydra¬ 
tion. During slaking we must imagine the lime to form 
a solution with water, which is excessively supersaturated, 
and has only a momentary existence. Under such con- 
ditfons the product of the reaction takes a colloidal form/ 
or, to use an older expression, it is amorphous instead of 
being crystalline. The hardening of the mortar then consists 
simply in a loss of water by the colloid. The process may 
be followed in the case of a thoroughly gelatinous colloid, 
such as silica prepared by the slow evaporation of its 
colloidal solution. The transparent jelly gradually loses 
water, becoming dull and opalescent. On further drying 
it becomes white like porcelain, and finally hard and dull 
white. The hardening of gelatinous silica is entirely due 
to desiccation. Lime does not form, like silica, a colloidal 
solution, but when freshly slaked it is to be regarded quite 
strictly as a colloid, and like other colloids, it loses water 
slowly and gains in mechanical strength at the same time. 
The drying of a plastic clay is another familiar example 

^ P. P, von Weimarn, ZeUsQh* Okem, Itul, Kolloidc^ 1908, 3, 282. ' 

■■ 
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of tho (loHiccation of a colloid. The dry niafw thus formed 
is comparatively impervious to water, and tho dried clay 
only takes np water again with eonsidorahle diflicnlty. 
Tho same thing is true of lime. Mortar nnulo from fat 
lime has no hydraulic properties, hut this is n(»t due to 
tho absorption of water to reform the t>riginal colloid. Init 
to tho solubility of lime in water, which causes it to bo 
gradually washed out of the hardened mass. » 

Tho desiccation of a colloid is accompanied by consider¬ 
able contraction of volume. Oolatinous silica, clay, or 
any other colloidal sutetanco, if spreatl in a layer and 
dried, cracks into irregular fragments as tho water dis¬ 
appears by evaporation, and similarly, a plaatic inass of 
limt would shrink so much inlirying that it would crack 
and lose its form. The shrinkage is lewened by mixing 
with an inert substance, such as sand, the particles of ^4 
which become coato4 with lime, which adhera* to thwn; 
tenaciously. The cohesion of tho dried colloid and its ^ 
adhesion to the sand surfaces are the cauiws d the 
mechanical strength of mortar, which is aUb to r^ist 
not only tho tensile stresses <luo to shrinkage, Nt also the 
external stresses applied to tho mortar (seo p. 106). '>$■ 

k further reaction occurs when lime mortar is exposed 
to ftk for any length of time. Carixm dioxitle is absorb^, 
and a part of the oaioium hyrlroxkb is converted into 
calcium carbonate. Tho pnaienoe of moisture is ewntial 
to this reaction, as dry carbon dioxkl® b without action 
o« dry lime. The oaleium earl»onak> thus formed is 
orptalline, and the or;^tid8, formed l^ slow growth in 
a colloidal medium, are clwly interlaced, and fortti a 
coherent mMw. This subs^uent reaction it not cmmtial 
to the lomiation«of a hard mortar, as k soinctimos sup- 
posecL, The only emntial procoMi is the desiccation of the . 
colloid, and the hardeming by conversion Into oarlwnat®'* - 
ii meiuly a mmm&uty maetipn. It is centtned to ihe 
outer layow of a mass oP'indrtar, and by the form^lb* 


iiSl? 









c 




imperviouR coating* hindora bh® acooKH carl*(>u 


mortar taken from old Homan binklingS, it uwnjuroci. m 
found to consist mainly of calcium hydroxide, even 2000 
years of exposure to the atmosphere having heon in¬ 
sufficient to convert more than a superficial layet 
carbonate. Plato IV. ii. represents the crystallisation oi 
calcium oarljonato at the surface pf a spooimen of moisb 
lime on a microscope slide, where air containing carbon 
dioxide has accesa to the preparation. 

The slow hardening of lime mortar wm formerly 
attributed, at least in part, to another cause, namely, to a 
chomieal reaction l»twoen Idi® li'n® silica (sand), 

forming calcium silicate. f ^This is not the iame 

does not combine with silica in the form of quartz under 
ordinary conditiims of temperature and pressure. It is 
bftie that certain forms of silica roftot with lime under 


praotio© m ancieni wmes oi mJdIng poxzolari» or wwwr 
substances containing active silica to the mortar, m in 
some instances to the use of felspathio sand in pla«?o of 


' chemical interaction of two sulwtanoes may also load to 
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niagiiOKia from sinking too rapidly to tlie bottom of 

th(! pasty JiiasH, Combination takes place with develop¬ 
ment of heat, to form the compound 5Mg0,MgCl2,a;H20.i 
In all probability, the magnesium oxide and chloride first 

a supersaturated solution of the 
formed, from which crystals are deposited 
r. The product is hard,*but is 
is used for cementing glass ,and 


react in solution, and 
oxychloride is f 
iis ill the setting of plaster, 
attacked by water. It 
metal. 

Several similar mixtures are known, and find a,limited 
application as tlontal cements, &c. Thus zinc oxide yields 
a hard mass with a solution of zinc chloride or with syrupy 
phosphoric acid. The product is, in every such case, 
probably crystalline, although the crystals may »he so 
minuto and so closely interlocked as to, resemble a glassy^ 
ma«i. MagneHium oxychloride, after setting as above, : 
forms a mass which, is microscopically demonstrable tb 
consist entirely of crystals.^ •• , - 

• . ■ . ^ ' 

Thfl sotting and hardening of Portland and other true 

hydraulic cemenhs are far more complex in character than , 
those of limo mortars or of plaster, as might be’ expected 
from the greater complexity of tKe burnt raateriab It is j 
necessary in the first place to abandon the search for. a - 
chemical equation which shall express the whole' of the 
changes wourring in the setting. . We have to deal with a 
material which, as shown in the-last !jjiapter,*i 8 made up 
of several difteront constituents mechanically mixed, each 
of which has a somewhat complex: oonstithtioii. Owing to * 
the formation of solid solutions, the chemical componmtfi . . 
(tho oaidos) are not present in simple molecular propor¬ 
tions, When wo consider further ^hat the reaction with’| 
water is always very incomplete, so that even ther mos^ ‘ 

* fli« different investigators laatlng gfvenf^ ' ■ 

,» A. Kflwtw. Chem, SSm-t 34, »6. , , 4.,, 
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pcifectly mixed comont contains a large p«»|)orlioii c)l' 
imchangctl material after setting and hardening, and alwj 
that the*formation of indofinito colloids undoultte<ny plays 
a part, we^soo that it is hopeless to attempt to ropreisent 
the process by any simple formula, rit wotdd not serve 
any useful purpose to enumerate the hypotheses whic.h 
have been proposed, and referoiu^ will oidy 1 m) niiwle to 
two or three which have rendered real service in the stufly 
of cements, omitting entirely all those wliiidi attribute 
setting and hardening to the formation of compounds 
containing definite amonnts of water of crystallisation. 

It was' observed by Lo Chatclier, in the iittportant 
researches already several times cited, that thin sections 
of hardened ccfncnts, prepared with the necessary pre¬ 
cautions, contain largo, doubly-refracting crystals, which 
are readily dctermin@fl to consist of calcium hydroxide. 
Taking into account the further fact that the only calcium 
silicate which is stable in contact with water is a hydrated 
feten of the metasilioate, Le Ohatelior regarded the 
principal reaction as consisting in the hydrolysis of a 
tricidcium silicate, with the fonhation of caloium hyclroxido 
and hydrated monocaleiwin silioate. Writing at in platio 
of the definite figure assumed by Lo Chatelitir for the 
numl>er of molecules of water of crystallisation, wo Imvo: 



3CaO.HiO.,-PiKi.« 


CaO/^iO„*Hp + 20a(()H)^ 


Evidently this equation can only ropr<Mi«nt a part of 



the change, as the aluminates also share In the hydration, 
.hen<^ they wore assunuxl to form a more hasio aiuminate 
with water and a part of the lime,* 

That* free calcium hydroxide is one of the prwliicts 
of setting is a weU-mtablished fact. In wklition to* the 

# ■■i 

* Tli§ iiiff©fii0ii, twfiitlailj mtm^ IIieI iitwwiii |« lifilrn* 

'lywl by water tote fr«« lim« tail li»« wflli tlltoft 

Mfi liiTO witli alttwim m mn ^ 1^ in ilm 

if#l way ** Imii tieeti mailt liy A» WittMar, X P5i, §7* ||4, 


m 



„4 THE CHEMISTRY OF CEMENT 

miero»copie.l ,m»f ■»'««■' “• .'IT 

tectcd in water with which cement l»v« been a itatul, 
and an alcoholic solution of phenolphthalein colonis a 
nuvss of cement pink after sotting, proving 
of a soluble liaso. The composition of the mystals In 
also been established by direct analysis after uicchaiuca 
separation from the hardened mass. There is no such 
certainty about the microscopical recognition ot the 
silicate and aluminate, the crystals described as such 
being very imperfectly characterised, whilst the greater 
part of the mass is apparently amorpbous. Hie hrst 
“ sot ” of the cement is attributed to the hydration of the 
aluminates, the silicates entering much more slowly into 
reaction ftftd being chiefly concerned in the subsequent 

hardening. . ,, 

According to this hypothmis ih® formation of a co¬ 
herent ma« takes place essentially in the same way m 
in the setting of plaster, by the production of a super¬ 
saturated solution, followed by the growth of intorlajid 
ervstak. It is a serious objection to su^h a view that 










th&t cements uiay be prepiitotl in tho wine manner m 
Portland cement, ropkein}? oaldutii carlK»nnfce by liarium 
carbonate, and tJio product sets porfoatly to a hard 
inwss, blit, tho rosultiiiji; ailicatos n,r©»cryHtalIino and net- 
colloidal, and are disintoifratod and dissolv^l by water, 
liko plaster. Tho prodiwit is therefore of no bydraidio 
"value. 

It is only since the intrwhiction of tlio idea of colloidal 
precipitates into tho (jhemistry of I’ortUuid emtiont that it 
lim bccomo iK>.saibIo to form a idear and c;i»iiHi«terit ment al 


mainly to tho fbrinntion of colloidal (mloiiim hydro- 
silicato”was mafic by \V. MiiduiClis as fur back lui IHth!,* 
but has Ihscii very slow in gaining iM»eptance. It is only 
since the great develepriicnt of interest in tho cheinistry 
of oolloids in the last few years, marked by the isttuo of a 


explains end pnononiotia oimrrm, and w in such gecxl 
aooordanoe with the rwiilts of microscopical iiivestiga- 

A.'! & ... .t_•.» . „ . ' . .4 .. M 


lime and silica are prosoiit, hut for which it is imjmnsibk* 
to obtain a defhiito fonnttlA, the composition jurying with 
tho fjonflitions of llio ox|wri!iioiit, A Ityilratol ealeium 
metasilifinic, coiitainiiig an iinocrtain anioiint of 

1M93, If. »Ht 

• Hikmhrl/l/iir Ckfmm utud liff MnltMt, Drmtei. s# 

• Mletadfe'iiwaifcwwcwt desrgars Jttw 

ifr MkkMipin hgtlmutimhra MmieiklMt DiWMlffB, 1000. An Kttgtlstt' 
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has been obtained by several investigators, as described^ 
on p. 60, but the formation of crystalline sutetances of 
this kind is always a secondary change, the initial pre- 
(dpitatc being invariably gelatinous. 

The formation of a gelatinous product in the action of 
water on cement may be observed under the microscope.* 

A small (quantity of the powdered cement is mixed with 
water or with a 2 per cent, solution of gelatiii to retain 
the particles in place, on a glass slide, covcr(xl with a 
cover-glass, and kept in a moist chamiMjr, preferably so 
arranged as to exclude carbon dioxide, which introduces 
a complication owing to the separation at the edg^ of 
crystals of calcium carbonate. If examined from time to 
time, the originally sharp, angular forms of the particles 
of cement dust are seen to disappear, each particle be¬ 
coming surrounded by a zone of transparent or semi¬ 
transparent gelatinous matter, which slowly increase in 
bulk. Plato V. i. shows an ordinary finely ground Port¬ 
land cement, immediately after immersion in water, and 
Plato V. ii. represents the same specimen, after remaining 
in a moist chamber, to prevent evaporation of the water, 
for twenty-four hours. The great enla^eraent of the 
particles, due to ateorption of water to form a gelatinous 
m6s% or gel, is obvious. 

Binco the absorption of water by a colloidal mass to 
form a gel is acoompaaiied by a great increase in the volume 
of the mass, as is familiarly seen in the swelling of gelatin 
or starch grains, it has been questioned * whether a colloid 
theory is applioable to eom^ts, which are known not to 
inoroaso largely in volume during sotting. The objectitm 
Is really based on a misuwlerstanding.'* Whibt the indi- 
partiolfB of cement beeomo the total vohimo 

' # *0. SclwitiMilB. 1909, ^ mt A, O. Lanawrt, M., 78S. S» 
'iJso A. Miwton*. MUt. k AeK., IW, 16, W. 

':; »H. Kttw, fimM. z«kt 88. mt w Miohsiai*, m, «is. 











PLATE I 


Portland cement, immediately after mixing with 
WATER. X 90 diam. 
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cement+wator, diminiHhcs rlnring the altHnrjiiion, iik 5n 
always the ciuso when colloidal gels swell hy iiliMorpt ion ol 
water.^ The net cfibot is a small contraotiiin. 

The course of events when Portland comont. is gatigtsl 
with water may now be briefly doHcriliod.® We may, lor 
the moment, omit all consideration of the gypsum which 
is always iwlded in small quantity sis a means of (iontrollirig 
the setting, and assume that the coincnt dealt with is 
composed entirely of lime, silica, aial alumina, llie 
essential hydraulic constituent, alito, is a solid solution 
of these three cotnponents. The action of water otj the 
cement is, at least at first, confined to the alito, whitdi is 
partly decomposed, the alurainates being first hydndysiwl. 
The solutif)n thus prcKlucetl is supereaturated, and s<»on 
begins to deposit tricalcium aluminato, partly in a colloidal 
form and partly in crystals, acconltng to the amount of 
water in the mixture, a large proportion of water faviiiir- 
ing the production of crystals and a small proportion the 
formation of a gel. The excess of lime remains in solution, 
or a part may ho tlepositocl as crystals of (ialciurn 
hydroxide. This process probably corresjmnds wif h the 
“ initial set *’ of the cement. 

The action of water on the calcium silicate contained 
in alito is much slower, and when hydrolysis mumrs, the 
practically complete insf)Iubi!ity of calcium siliciite in 
water causes it to separate in the colloidal form. The 
gel pnaluced forms a coatiiig round the cement particles, 
preventing the further access of water to thtmi except 
after diffusion through the colloidal coating. If the 
cement dcHjs not IsMJome too <lry, the reaction ountimies 
slowly, more anrl more of the alito lioiiig hydwlysoil, and 
the lime set free l»eing taken up (“ nilsorhed '* *) by the gel, 

‘ Sa«, for exampie, tb« maaivrwnmta of ehanipi dl rotono daring 
the swollmg of utaroh, by If, Bodewotd, ZeUmk, phgtlM, CImm., ISS7, 
24,1»8. , 

^ Tbo viow ttdot*^ to tnmialy iloe to W. MlolwMia, ^ oM,, IM). 
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4 wfibh tli«wl»y iiHsruanuH gmclually ia (iunaity junl liunlacxH, 

i,, iliwl laiieH jt« piiuitio qtialiliw, Tlio water at firnl lieid l,y 
j the >?«l in uwifl Op in thb priwajiai f»f hy<ln»ly»i«, »nd ilnj 

#. jrnitlua! iliwiceatiun of tho gel, which iu,km phuw even wlien 

the cement is imtnen«e<f in water, briiig» aliout the gnuhutl 
hardening of the rnaiM. 

When a i^itiien of hardened eetnent is ground and 
{Kdiahtxl ns deseriheil under the examination of cement 
clinker, a distinot «trtieture is olaiervoil after }xdixhing on 
a moistened elolh tliao. Only two oonatituente are ree^- 
nisod. One forms small, insular fri^jmenti, around and 
lastween which the setamd oi»mititu«iit lii* as a hUing 
material. It is not difficult to identify the two sub¬ 
stances as tinaltorod grains of cement and the colloidal 
prcsluot of hydration reapoetiveiy. Etehing with acids 
reveals a structure In many of the grains, the structure, 
namely, of tinehanfed oement elinker. The doKnitely 
oolloidal nature of the Intoigmnubr matter may !» 
|m»ved by imniemion in a dilute solution of a dye, 
«wh as eosin.* ■Oolloitldl sul»tanofl«, or geb, a^rb 
dyes, whilst crystals turn inert, towards them, that it 
is {ssMtble to stain the eollokial constituents of a 
mixture without acting any oryatalline subrtanci* 
which are prwie&l. 

That hardened eemeiit pcswwH^i such a straetnre is 
itself a pnsif of the itMsintpiMnm of the hydration. Tlic 
action of water Is oonMned to a lay<» id. the stirfaw of each 
partioK andi tdlbough the tkiekn^ of this layer gradually 
inoreasw if the eetnent hi kept motrt, the interior of the 
grain is never reached. The more finely a cement Is 
groiiwl, the more eompiMi Is the rwotbn with water, 
Issjwiso a small pwrttok has a gtwtw surface in prapttr- 

. ' ’ * Tfcs ttiw •• adseiittsi*’ to mm ewatsMdy *8i0«f ed y> *««oUi Uie 
wIMeiwsl^aMteMsMMiimlrans^sMMinjraittt. *' 

: ■, i- » 8. Store, jKw.' M. ^m* ISOI, §i, lf#l | iM/ «. »»«, 

I .*i\V ’ 't ' I' 
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tion to* itH volniiio than a coarae on©. St©in s obBOflfa- 
tions, however, refer to cement of normal tinenenH, and 
show that with such material nearly half of tho^folnmo 
of the hardened cement may consist of umiltercd particles. 
Siudi results are very striking, and furnish a strong argu¬ 
ment for the finest possible grinding of commercial 
cements. The non-hydrated mass in th© .oeutrw «i a 
particle takes no part in the chemical reactifins of 
hardening, and serves merely as an inert body to which 
the colloid can aulhere, a function which is performed as 
efficiently and more cheaply by sand. 

Even a slight increase in the thickness of the layer of 
hardened gel probably causes a notable increase of mochi^ 
nical strength, for an examination of microscopical speci¬ 
mens after seven and twenty-eight days and six months 
hardening in water shows that the increiwe of area of the 
second constituent relatively to the fintt is very small, 
whilst th© increase in strength is known to Imj large. 
Changes in the composition of the gel may play a part 
in the increase, as well as the mere growth in thicknws- 
It is well known that cement which has once haKknwl, 
if re-ground and gauged with water, sets a sccontl time, and 
develops a degree of mechanical strength which, although 
inferior to that attained at the first setting, is nevertheless 
considerable. For example, a mass of cement which hwl 
lain ten or twenty years under water was finely ground 
and mixed with three parts of sand. Brkiuettes of the 
mortar luwl a tensile strength, after twenty-eight tlays, of 
7*80 kilograms i«r wp cm. (112 lb, {Mr sq. in.).* 

Even a second re-grinding develops a certain strength, 
showing that particles of alite still remain unconverted. 
Home ohl cement bricpiettes ground down to flour and 
extraetotl with a flouromoter (p. 189), the residue Iwing 
ground earth time until the whole hwl lieen carriwl over 
by the air-^jiirrent in the form oi flour, was found to tiiako 
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» KlroiJK HHjrlnr.* Mixoci with gnmnti oolite in the pro- 
IWrtbm 1:3, it giivo a lonsile Hlrrugth of ur» !(♦. jH,r 
in. rfter twenty-eight 4ay», and Kl.'i Ih, afu r two tiiunthK, 
A« reganls the aiiliaoijiiont converoloii of ealciiuu 
hjilrtixiilo iiiiw carlauialo. the reiimrka already tiiiwle iu 
rofereuee to lime innrtarN als«i apply to cement morlarH. 
In the prweneo of tiiowiHro, oarlam dioxide ia nhw»rlattl 
from the aliMcaiphere by the lime, but the aelion w «on(inecl 
t€i the anrfaeo, ami the partieularly hawl and imprmeiiblc* 
cdiaraolcr of the oeinent gel hindora the jwieiration of tho 
gM Ui anything more than a wiiidl ileplh. The reiMJliou 
m unimjMirlanl aa a faclc»r in the hardening <if eements. 

Tiii Harokninu or l’ 05 arn.Ajiic ahi> other 
IlyilftAUMO Moiitahm 

A mortar atiriijimal of lime, nan*!, and a nature or 
ftrtilieial (MiEnoiMib material, hanlenii hy a pr«»oa« wbieb 
is in prineiple the ^mc m that of Fortlanil cement. Tho 
water tliwNolreii a [mrtion of the lime, mt that tho particle** 
are Mumtmwlod hy aatiiratiei lime-water. The alumini^ 
ami allica of the pixatilana then react with the lime, 
fiirtning a gel, whieb hardmi hy deaieeatton ami adaorptiont 
of lime in the mniai manner. 

Pure ailioa may behave aa a p«>m4anie material tinder 
tsert^n «K*ndtllona. Kxperimmit haa ahown that although 
^nart» aand m praetloally inactive tewarda lime at tho 
ordinal^ temperature,yet t^uarla reditmd to an exceedingly 
«««{MwdiHr Mid aiiapi^ed in water k iwmlive. Heveral 
forma of native aillea, indiiidii^ Iheae which contain onn- 
hlMd wider, meh aa op«d, hyaliH and iditeeotM ainier, ami 
th«wi of ofganb or^^ imok aa uifuaeriai earth mel 
labiMohlr, $m idao tea^fv^ AH of thtaw mmlttltiaibtm 
ate iolttMo In dtudioit may be riKanied aa deabwaletl 
gek Th^ ana thtw mipal^ e# ahmrWng water to fj*m» «■ 
true pi, and then adamliifif lime to form the indnfltdio. 


Hul*ta.n« 5 W wMoJi. »n umimi with luswni® 

hy<lr»l 3 ')K)ti. lh« lew IwNb roijiltie tb«n HMUttnt^ » I^Ih* 
tiiioun form wwl iintlci^ii^ llie pwx^ «f bunletiing 
(Iwcrilml abote, hafi l»c»n l®riu*cl bjwilwiililwi.* Hi* 
more Im'iq cnbiiini alittntnatois aiwl cttleitm ferrit<9 hm <if 
tiiii cImh, m well n ibe mikt iwiltilk»twi of lime mmI oaiiotuin 
fiilicate iti cetneiti. A tif tbn imbiuin in niiarti ef ibeiw 
corn {K)iiri<l8 ttmy lie Mplwmtl by Iwrtiim wiltufUt ffUMlty 
their priifiertim. lloranvcr, Mrtntn «ilb«r ^kl 
r^rkkii yiolil hydrittiitMw when batUeil Mmngly with lint#. 
TlitiM, titixttirM ItAiriny Ibe cio»tt}a#iti<m aiwI 







122 THE CHEMISTRY OF CEMENT 

yioldK a white and hard hydraulito, whilst lotul pomxido 
PIjOj, appears to l)e incapable of yielding a sitnilar pro¬ 
duct,' and titanium dioxide, TiOg, is also inacjlivo/'* It is 
possible that some of these n^ativo results may las due 
to the temperature of burning having Iwen insulHciently 
high to bring about chemical combinatitm. In the case 
of the plumbate, complete hydrolysis evidently occurred 
in contact with water. 

One puxizling question concerning the formation of 
hydraulites relate to the Itehaviour of calcium ortlus- 
Mlicate. Of the two modifications of this compound which 
are obtainable in ordinary experiments, the /i-fonn, pre- 
parocl by rapid (ptenchii^ from a high tomporature, is a 
true hydraiilite, and sets with water to a compact mass, 
whilst tho 7 -modifioation, obtained by slow cooling, as 
the result of the spontaneous disint^ration of the ^-fonn,^ 
merely yields a mud when mixed with water, and exhibits 
no tendency to set. This rwult is difficult to explain on 
the assumption that the and 7-1011118 ere two physical 
modifications of the same ooinpound. Zulkowsky * eon- 
siders them to lie ohemically wotnerio, the 7 >form being a 
true orthosilioate, 


with Mttle tendency to undergo hy«lmtion, whilst the basic 
metasilicate stable at high temperature, and only to bo 
obtained at the ordinary temperature by rapid quenching, 
would be rosMtlily bydrely^, yielding lime aiul the normal 
metasiiicate: 

‘ 8i0<^*0+H80-SI0<^a+Ca(0H*). 

Zulkowsky’s theory has eonMlIttnhle plausibility, the two 

IMI,24ai7,;U6, 
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Btnwliiwi »«»«•»"« « *lW^‘ve ineam wf ilb- 

f i»i!fiiWtin« UiwffNpn Jh» mMlitm «ml ihe iwwlivu fimii. Imi 
it ih iii‘r«wMirj l« fwp*** ifc« warning gitett in Chapter MI., 
ummnl making any m to the aini«lwr«l 

foniiiila* «f mti’d <mn\wtmh mht«h nre tmi 

kiuiwn in mittlim. in tlw fm/mnl «f anjf iniiii- 

wirtliy eriUiri* of m.miiiM»i»»n. y.iilkowwky in iiiwl»ml.lwliy 
riglit ill bis wnleiiti«n ih*l a nwtnbof «f diffwwiit liyilmii- 
Ute« la* €Mi«|i)fcfwl, Md ibiH gwtwml 

sliottUl not be drawn frwu llie Whiiwimir of » aii^b 

comptwi. pen*»i*«»M« %a twgitwl iba diflbitJtra* 

l>etwe«n lb® iwri modWortlnm from • |«ir«ly phyai*^ 
noinl <rf view. Tho fiueswhid ortliwiilient® » in 

I mil® m««iiii«n. *bil*t ihu dowly e«ok«l. diwa- 

MOTttU*! eni II 1*01 1 ml i* It i* w gi’iwral rtile itial 

metftKtttlile o«*iii}wrtHwl» lisive » bighor »*»tulMlily limn Mw 
ocrwipotMliB^ rtwble incidiflniUiow*> ll i» jiowilik that, 
the fliiem«hwl »rilM*iliaHe i» *»iltilil« lo yield i* 

(iiwiwily wnirtiilil®) idulkw, f«»ni whkb ih« gt-l nmy I* 
depmitdl, whlbi lb« iwtb**»«lio»lfi. on wwtinl of itj» 
gmall iwIuMlby, duo* not. ybbl a jailntkiii «f^ aultk-knn 
oonisentmlloii lo ftinii • ♦»»ib*kli*l |»fiiBi|»iia»o. Tb« iwHire 
of the iiwlwadar diflkwii«» wliieh ikAairiiiiiHB jwilyniorfihio 
tiuKliHe«lb»w* w|»n «f a niwcli l*fg®r prolilwni.inlo wbwh 
it i« l« enter b«rw, 

I^istly, it b» l•wil *ai|Bl**t*-**l that the atiil* of eolid 
Williii«ii of ib? lime may I* iwi|>i>iwiildtt for lb® diflfeiwnm 
iti ntaeiivity of the two «i»»*l»bejiti»na. If * port of lli« 
liiiiv h hold at a bigl* ieni|iwr*nir» in iwdnl wilniion, mwl m 
tlir«*wii Milt of M»liii»«i in Ilie mmtm ibw fwilyniorphb 
Miiiiige. Sliw tiiMf l» hoM »» amwttiil for ikw Imbaviottf of 
t,bi9 ijinaicboil mwI diawly eoolotl iilii*l«i» on hyilraliiiii. 
riw t!n‘riii«l «f ilw b***® i»n*l«»rw*. 

bwvv'rf, 611 (low* iwl Iwwl irtipfwrt t«i lb« view itial 

I fM <ir «%wwW Niia#oW. 




Chemical Factors aefecting the HErriNo of 
Cements. 


When Portland cement became a commercial jinMluct, 
oxporioneo proved that the rapidity of setting varied in 
diftcrent specimens of cement. The •' sotting time " (see 
p. Uf)) is a somewhat arbitrary magnitiule, lieing tlie time 
which elapses after mixing with water Iwforo the iiiawt 
am resist a certain arbitrarily fixed pressure without 
deformation. It servos, however, for the comparison of 
the sotting properties of different <jemonts. The ilistincs- 
tion between “ setting’’and “hardening” is also more or lem 
artificial NevertheleM, the measurements of the heat <le- 
veloped during the prooeai have shown * that two maxima 
commonly occur, oorrospondmg roughly with the Iwgin- 
ning of the setting and the harciening pnxjess respectively, 
and pointing to two distinct chemical reactions, one of 
which sets in much before the other. Those two reactions 
have lieon ulontifiod with the hydration of the aluminatw* 
and silicates respectively. The greater the proportion of 
alumina, the more rapidly the cement sets. The quick- 
setting properti©* of RomMi and similar cements are due 
to the largo proportion of ferritoi and aluminates that 
they contain. 

The older varietioi of Portland cement were slow in 
setting. This was due to several causes which co-o|»emtod 
to pri^uco the same effoet. In the first place, lining 
incompletoly burnt in some parts of the clinker, the 
grourwl pmiuot always cemtained soino tincojiihinetl lime, 
which, on mixing with ii^«r*4ii»olved. As the initial 
setting depends on the hydrolysis of the aluminates. this 
hydrolysis hindewif in acoordsnoe with the law of 
cliciuijcjid imisH-action, th# pwswnco of One of the prf^ 

• M. OHrv., .vto, 4 IS# M, m. 


the orthosilicato breaks down into lime and a lower silicate 
at any temperature. 
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ducts of hydrolysis in solution. Secondly, the ground 
cement contained the ash from the fuel, the salts in which 
exercised a catalytic retarding influence on the setting. 
.The principal agent of this action was found to he the 
sulphates, derived from the sulphur of the fuel. Calcium 
sulphate has a remarkable effect in retarding the setting 
of cement. Its action has been shown ^ to be due to the 
formation of a definite compound of calcium sulphate and 
aluminate, calcium sulpho-aluminate, 

3CaO,Al2O3,3CaSO4,30H2O (1), 

which is very insoluble in water, so that the aluminate is 
withdrawn from solution, and converted into a form which 
takes no part in the setting process. Some doubt may 
be expressed as to the correctness of the above formula, 
as a cement is found to be capable of fixing, that is, 
rendering insoluble, a larger proportion of calcium sul¬ 
phate than is required by the formula.® It is probable 
that adsorption phenomena complicate the result, a 
part of the sulphate being adsorbed by the colloidal 
aluminate. 

Cement from rotary kilns does not contain ash from 
the fuel, and hence sets more rapidly than cement ^ made 
from the same mixture of raw materials in a stationary 
kiln. To obviate this difficulty, it has been the general 
practice to add a small quantity, 1-2 per cent., of gypsum 
to the product, as a means of retarding setting. It has, 
I however, less effect on such cements than on those made 
by the older process, a fact attributed by Candlot to the 
necessity of having a certain quantity of free lime in order 
that the gypsum may produce its effect. The influence 
of calcium chloride is grater than that of the sulphate, 
but no salt other than gypsum has yet been used for the 
purpose on a large scale. 

1 B. Candlot, Bull. Soe. WEneowagement, 1890, 682. , 

* M. De^ral, 1901 j 96. 
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It hM already been «aid that the presence of lime at 
the raoment of mixing with water also retards the Betting. 

It is impracticable to obtain an intimate mixture of the 
cement with lime by more mcchanica! addition at the 
time of grinding, but the same effect may lie profluoai by 
the addition of water, which oausos a partial hydrolysis of 
the more basic aluminates. Liquid water cannot be usal 
Batisfactorily, hence the procosB has never Imsoii Bticoossfid, 
although often prapoaecl. An entirely satirfaetory reault 
Ta.obtaintMl, however, by allowing steam to act on the 
olmier during the final procef« of grinding. In this 
process, which is due to H. K. 0. Bamlwr, 8teat§ is ad¬ 
mitted to the tube-mill. Owing to the friction of the 
balls and clinker, the toin{«srature in the tube-mill is 
near to 85®, anti the steam raises it still further to 
about 96®, and the cement Is exjKiswl to its action for 
about two hours. Alxiiit 1 per cent, of water is ab¬ 
sorbed, and the powdered product leav<» the mill in alfr 
perfectly dry condition. Otwler thaw oiroumstanow the 
cement is brought into a stable state, and a tmioh srnalhff' 
addition of gyj»um suffices to retard the sotting time to 
the required extent, (^e per cent, of gypum is generally 
atldetl, instead of the 2 to 3 pr cent, formerly rwpiired. 

The action of the steam imist Iw oxplainai as a partial 
hydroljwis, at the snriaoe of the ground piwtioles, of tho 
unstable ahimini^, aecomptoiod by tho slaking of any 
prtkdos of lime which may have Iwon present In tho 
clinker. 

Ilohland ‘ attributw the aciion of gy pwm to iti oataly tio ♦ 

inffttenoe on hj^ratto%aiid {sfints out th^ the saits which 
roipeotivoly acoolomte liid r^rd the settii^ of Portland 
cement are the same as those which accelerate and retard 
the hydration of pure Ume. Thb view lias mneti in Us 
favour. It may he **W .liat “ealalytk! action ” is otdy a 
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term to cover our ignorance of tlie nature of the process, 
and that in all cases the immediate cause is the forma¬ 
tion of a double compound, but there is some advantage 
in bringing the reactions into line with other, better 
studied, instances of catalytic influence. The experi¬ 
ments performed by Rohland are not conclusive, and 
the quantitative efiect of different salts on the setting 
of cement deserves more exhaustive study. Numerous 
isolated measurements by different observers exist, but it 
is difficult to draw any definite conclusion from them at. 
present. 

Whatever may be the mechanism of the change 
produced on the addition of gypsum, it is a remarkable 
fact that the effect passes off when the ground cement is 
stored, the cement becoming once more quick-setting. 
On Candlot’s hypothesis, that the presence of free lime 
is necessary for gypsum to produce a retarding effect, 
*t1;his result is explained as being due to the gradual 
removal of lime from the cement during storage by 
inversion into calcium carbonate by carbon dioxide 
from the atmosphere. The addition of a little lime 
should therefore again produce retardation, and this 
is found to be generally the case. Opposed to this 
explanation is the fact that a further addition of calcium 
sulphate, without lime, also retards the setting. If we 
regard the action of the gypsum as a catalytic one, the 
change on storage may be attributed to the combination 
of the agent with some of the constituents of the cement, 
rendering it inactive. That large additions of the a,gent 
may even have the effect of reversing its action is in 
favour of this view, such a behaviour being of common 
occurrence in catalytic reactions. 

Cement which has been treated with steam at a high 
temperature, as described above, is not liable to undergo 
such changes on storage. The figures ,of Table XV. refer 
‘to a cement from a rotary kiln, ground to such a fineness 







salting Tifiit in Mifiiitet, 


iliiiwl, 


I# Air# 


KiisL 


lliitrtfttel 11* 


IFfwIih 

I a^nmml 

I 'weik« 


ImiAii" 

teotfMia 




rnmm^t will sdih \ ** 

lif» 0tft PM. (WmMk 
101» fi.fe ^gmmm 

mm i 


ff|»iiifi iti the wttimg of a c|tifck*i^t!tig 

ii!)tii,pjK)ari« on in t>n!k, iwmI very rapidly 

m exptmim to »!r, mo tlwWiHhe contom, rotnm* to it« 
«ri«iuiil foudilJon. hut Umi oemonl lit wlii.di litoo ond 
readily hy»lmly«aWo aotnpottnda have licen hy^rat<i«l by 
iiHitiiH ,>r mU^juo i4ro alabk' with u Kiimll addifioo i*f 
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m Chapter VI. , ,,, 
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siiorage are*yet far fronx^being thorougbly understood. 
-In' general, ,cements',,sbe6ome more quick setting on 
storage, wMlst the unsoundness due to free lime tends 
' ■ ■ t ‘ to disappear. The effect is not only due to the absorption 

, • ^ ' of 'water and carbon dioxide from the air, for it is often 

^ found to take place during storage in closed vessels, put 
'*'• ^ contact, with air. Le Chatelier assumes that in such 

/. tlt0 cases hydrated alunainates or silicates, present in minute 
- *. -quantity on the surface of the grains, give up a part of 
’ ' their water to the Jime present in a ftee state, but the 

^ = ■ . explanation is hardly satisfactory. Another factor should 

• - not be forgotten. The solid solutions of ’s^hich cement 

clinker,, is composed are probably only quite stable at a 
Jt' i ,^.ldgh temperature. The rate of. cooling is too rapid for 
:-t them to reach a state of complete equilibrium, and there 
- j^pust be . a tendency for the unstable solutions to break 
'A ' . down in course of time, and to rearrange"^themselves into 

* ■-more^stable forms. This might well result in the set- 
^ ^ ting free of the readily hydrolysed aluminates, which are 

^ ^ chie% concerned in the setting. Further, fhe alkalies 
: Fcseiit, although in very small quantity, are capable of 
- influencing the setting time. It would be of great interest 
^ ^ to discover the form in which they are retained in the 

clinker, and to determine whether that form persists 
during storage. The whole^question of the spontaneous 
^ " • ‘ ' ground clinker de^rves further investigation. 
















CHAPTER VI 


TEE PHYSIOAIi PEOPBRTIBS Of OEMlNra 

The necessity of distinguishing, by means of fwts which 
may bo rapidly applied in the lal>oratory, between different 
qualities of cement, without having recourse to praeti^ti 
trials demanding much time and trouble, has boon the 
cause of mcMSt of the attention devoted to the physical 
properties of cement. The aim of investigators in this 
direction has been to lx the values of oort^ readily * 
determined physical proprties for oeinonts which are 
found to be sattofactoiy in practice, ha order th^ in¬ 
feriority of manufacture, or adulteration with inferior * 
material, may be detected by the deviation of the produot 
from suoh standards. 

The prbf^rtioB which have hmn generaly telwtol for 
this purpose are: specific gravity; finencM; weight of a 
given volume or “apparent density”; “setting time"; imd^ 
ooMtan^ of volume during hardening. The meobMalcal 
pope^M of the hardened cement or mortar, and the 
ohemioal eompi^ition of the materidi, call for separate 
troatmont. The methods of determining the properties 
mentioned almve, Mtd the result# to bo expected, are 
desoriltod in the |^i®at chapter. 

Purely external qualitio^ suoh as the eolour, are not 
snswsptiblo of qusatitidive expression. The colour of 
Piirilantl cement should bo a ehamoteristio grtienish or 
bluisli shade of grey, ^dhw matter indicating Insiiffieient i# 
burning. WM^ Poiiimd c«ment h*M» a flull, ohalky 
white appesraaee,"%hUst Homan and other ilmllat. 
et-iiieiits aw 'of of brOwn. ', 
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SpiortTO Gbavitv, 

The specific gravity of a substance is defined iw the 
ratio of the weight of that substance to the weiglit of an 
equal volume of water. If we use the metric systerti, in 
which one cubic centiiuetro of water weighs one gram, the 
measurement of the specific gravity is reduced to the 
determination of the volume in cubic centimetres oooupied 
by a given weight of the substance in grams. In the ease 
of a powder such as cement, this determination may be 
made by introducing a weighed quantity of the cement 
into a flask having a certain known capacity when filled 
to a mark, and then measuring the volume of liquid 
required to fill the flask to that mark. On account of the 
action of water on cement, it is obviously impossible to 
uso that liquid for the purpose, and its place is taken by 
paraffin or turpentine, which must bo thoroughly dried by 
stMiding over quicklime before use. The detorminatlon 
of the specific gravity of a fine powder is m operation 
demaudmg considerable care Md some skiil, to account 
of the tenacious retention of air by the powder. In so 
^finely divided a substance as a well-ground cement, oaeh 
^ticlo is surrounded by an ‘'atmosphere” of ailhoring 
air, and this air is not at once dislodged wlien the particle 
is immersed in a liquid. Only by very careful shaking 
and tapping can the air be made to collect in the form of 
bubbles and to rise to the surface. The flask should not 
be shaken vertically, as some of the cement is thereby 
thrown against the sides, whore it forms an unsightly 
coating on the glass. 

The most convenient form of flask for determinations 
of specific gravity is that shown in Pig. 7.* It is hrmwl 
* and flat bottomed, with a gratiuaUd nook. The enpaelty, 
.jip U> the lowest graduation, whi«| is mnrkisl 14, is 

' ir. H. Sfcans#r«Bif B. Blimat, 1.0m. Ohm. Imt., im t, 1$. m. 
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graduated nock. The volume 
of liquid displaced is oqual to 
the volume of the oonient. If 
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quantity used dotorminod by difference. The Tnethwl 
first described is simpler than either, and more aeon rate 
than the last method. 

A minimum ¥alue is proscribed for Portland comotit 
in most speeifications. The British Standard Specification 
requires a specific gravity of not loss than 3*15 if the 
cement is freshly burnt and ground, or 3*10 if it is known 
to l>6 at least four weeks old since the time of grinding, 
The latter condition is in recognition of tho fact that 
all cements, when exposed to the air, undergo partial 
hydration and conversion into calcium carbonate at tho 
surface of tho particles, which thus become sptioiftoaUy 
lighter. This combined water and carbon dioxide may bo 
removed by ignition, and it is therefore tho practice, in 
some laboratories, to make a separate determination of 
tho spooifio gravity of a sample which has been thoroughly 
ignited and allowed to cool. Tho value thus obtainetl is 
practically identical with that of the original ground 
cement. 

The importance of the speoiflo gravity as a criterion of 
the quality of a oernont is very frequently over-ralwl. 
Cem^t being a rather dense material, gross adulioratbn 
with ashes, ground slag, or other material of deotdediy 
lower spooifio gravity may be thus doteotod, but it is 
incorrect to assume that tho preseno© of insuflioiently 
burnt clinker will be indioated in the same way. 
Numerous experiments have shown ^ that well-burat anti 
undorburnt clinker htwo nearly the same speoifie gravity 
after grinding. The underbumt product ahiorlw wrt«r 
»«nd carbon dioxide more reariUy than grod oement, ami 
therefore becomes lighter after storage, hut such an 
.#f indication is uncertain. Even the Belgian natural 
csomonts, which it is often noe««Miry to ba able to tlis- 
tingubh from true Portland cetneM, have a nt»rinal 
> n. B. Bsaitr, Pne. InO. (X». im. 166, S4S. 
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spocific gravity after ignition, althougii from their groat 
tendency to become hydrated, they art) coimnonly light in 
the form in whioh they are brought into commeroe.’ 


The reduction of the clinker to a very iino «tato of 
divieion by grinding incrcaaea ita value an a cementing 
material in two way«. In the first place, a lino powder 
is able to coat the surfaces of grains of sand or other inert 
material tnoro completely tlnm a cfiarso one, st) that a 
more intimate contact of the components of the mortar 
is assured. In the second place, the reaction between the 
constituenta of the clinker and the water used in mixing 
can only take place at the surfitoe of the solid particles, 
further action bei% hindored by the aeciuimlation of a 
layer of the products of reaction, coating the imdeoom- 
posed raatoritd. Hence, the more finely ground the 
cement, and the greater the surface exposed in pro¬ 
portion to its mass, the more oomplote is the reaction 
with water, and the greater is the oohuibn of the 
resulting product. 

The ooanier prticlas only participate In the reaetbns 
involved In the setting, to a slight depth below their 
surflwje, and the uaterior of ^h p^iole may b® r^arfed 
as consisting of haert matter, as far m the sotting process 
is oonoemed. A eomideratbn of the relative em\M of 
W* cement and sand will show that tho partiel<» so rendered 
inert represent a Iom, wnce their function is equally well 
. fulfilled by the cheaper material, sand. Other things 

i bdng equi, a finely ground oemont will give a stronger 

mortar than a coimicr one*>ith tho aaino proportion 

of 

' ; A few figures wil aimtBat© the effect of voi^ fine 

grinding on the st rength of a eemoat. Tho cement m 

■ ■ '■ ■] * H. Sttrebarte, M&t, k Jmt., iW, Sil, i77, 


Finenksh, 
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received in commercial condition was transttafrcd to a 
ball-mill, and ground for varying poriwls, the produc;lH 
being used to prepare 1:3 mortar with a standartl Han<i. 
The following tensile strengths wore obtained from 2B-day 

briquettes: 


Cement as. .received . 

„ ground for 2 hours 

n gtouud for 5 hoiiri 

^ ground for 14 hours 


Uh pir i*|, in, 
. 242*7 

, 294*4 


The increase in strength is hero very obvious. Neat 
cement briquettes, however, do not show this inorease^ of 
strength, and are soinotiinos actually weaker, a tact wliich 
indicates that the improvement is mainly duo to the more 
complete coating of the particles of sand by the fine 
I>owder.* The considerable tensile strength obtained 
when old masses of hydrated cement are re-ground and 
mixed with water, a fact elsewhere refernsl to (p. 119), is 
evidence that under ordinary conditions of grinding the 
full cementitious value of the material is not utilised, 


The grinding of so hard a substance as cement clinker 
being a costly process, the more finely ground product 
is more expensive to produce than a coawer one, but in 
spite of this hict, the advantages of fine grinding are so 
groat that there has boon a steady improvement in this 
respect in the commercial brands of cement since atten¬ 
tion was first directed to the matter. 

The fineness alone is not a sufficient indication of the 
quality of a cement. Undorburat or alumlnow matorW 
is more easily ground than well-bnmt olinker, wid 
readily yields a fine product. A cement, however, which 

> .r. A. Willlanis, Tmm. Amer. Ctrtmh See., 190R, 10, SM-I, 

* H««!» Wtriw 0 t <»BpamH,o bmbi Iq-1>. B. Batto. /*s. O. A '»9 , 

iKJw, m. m. 
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clamping by moans of a ring forced over tho 
inevitably results in distortion. 

A close-fitting lid is used to cover the sieve during 
shaking. In making tho test, 100 grams of tho oornent 
are weighed and sifted for 15 minutes, tho sieve boing 
shaken continually and frequently tapped to dislotlge tho 


FlO. 8. 

Standard Wire OauM for 180 SJaira (4100 Meabwi 

|i®r om.) ^ 
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Tho UMiiouti o|jeration of sifting by hand may be ro- 
by inoohanical siftiog, the apparatus employed 
laiitig a iiicKlification of that duo to Tetraajer. The sieves 
ant iiHiimtial in brans oylindrieal framw, attaehal one 
abiivo am>ih«r by means of bayonet oatches- The frame 
holding tho siovw in place is caused to rook on hinged 
arms i»y a cmuk, whilst a sharp jerk is applksd to it 
IHtrimlioally by a oam, which ral«» the frame gainst the 
pull of two spritiga. At owh revolution of tho cam, the 
sprinp pull tho frame down sharply until it strikes the 
stop. This jerk has the effect of dislodging tho particles 
which have collected in tho mmhos of the aeves, A 
counter is eoimtjctoil with the axle, and tho machine is 
stt>p|iedi lyftor a given number of revolutiorrs. Tho sifting 
is not quite us complete as when iMjiformed by hand, as 
the mershanieal metion is not a pedeot imitatimi of that 
pven by tho hand of a practised operator, but tho 
apparottti may of muiso be loft to itwtt 

Tho present British HtMidard Hpedfloation requires 
that the rMWuo on tho 76 sievo (tOO pr cm.^ shall not 
oxGo^ .1 pr cent., and that ^at on the 180 mve (4900 
pr on.*) shali not ex^d 18 per eenl. 

There has Immmi a stoady Improvomont in tho flnencHS 
of grinding of mmmeroial eement during the last thirty 
yw«*. Tho aren^ ramlts reomded by 0. R. Eerlgrave 
tml C. SpaokmMi for 1879 show a rt^due of iO pr cent. 
m a sieve having'80 meshes pr linear inch (140 pr 
etn.*k and 48 pr eenl. ea «m with 100 mcalm pr inch 
(1880 pr om-^ Aramdiaf fee B. Blount,* a rosidwe of 
to per Mt, M a i^ve hadng 80 mesh^ per inch (888 
per em.^ would not h»i^ been ewddered unreasoiiably 
eoa«Mml886. 


At the pmeat lime tibe ffnenms of the bM brands of 
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commercial Portland cement is considerably in oxocw of 
that required by the specifications. Cement is roudsly 
obiainablo from a nvimbot of Englbb fi.nn8 which Iciavow 
a more trace of residue on the 76 sieve, and from 10 <lown 
to 5 per cent, or even le^'on the 180 siovo. The same is 
true of tbe products of the best Continental works. Pnusti - 
oally the whole of the German cements examined at (iross- 
Lichterfelde during 1909 fulfilled the requirements as 
regards fineness, the residue on the coarser of the two 
sieves being usually under 1 per cent.* One fifth of the 
Bwiss cements examined at Zorich during 1906 loft under 
5 per cent, residue on the finer sieve.* 

In order to determine the proportion of the finest, anti 
therefore most valuable, particles in a cement, tests are 
occasionally made with still finer sieves. Ihtis, in certain 
laboratories, it is the practice to test all samples with a 
sieve having 200 meshes per linear inch (40000/in.* tir 
6200/cm.®) or 236 meshes per linear inch (550y6/iii,® or 
8630/om.®). The finer the sieve employetl, the more 
troublesome is the operation of sifting, owing to the 
liability of the meshes to become olo^oti. 

The attempt has often boon made to determine the 
proportion of very fine particles, or “ flour,” by a pnvoess 
of wind-sifting, a current of air being omployiKl to carry 
away the flour into a separate receiver, tbe coarser 
particles being dropped at an intermediate |»<>iut. The 
siinphsst apparatus of the kind is Ooreham s ** flourometer, 
in which a current of air is blown through the oonmiit 
contaimjd in a single conical v<»sol, anti the fine partieles 
are carried up, and out through a lateral tliseharge pilw. 
A miteh more accurate apparatus was dovisetl by M. Gary 
and Lindner,* pennitting a separation into four grades. 

» It. Haroliart*, Miu.k. MakrM^Pritf. I. 

* r. fiebute, ««, *«• 

* Mm. t MimM PrH/. dim., IflOS, M, 78. 










ooiit«in8 ft eomparison of iOf'eml ©oiaentft by this method, 
th® f|iM®t L l«ing that In wbioh tho eomont ii originftliy 
plao^. It Ift olftimed ihM grading in this nmnnor 
proTidM ft tneana of dirttognuthing botweon different 
ppodue^ whieh giro MtnUftr roMiit® on fifting. The 
differonoiw defend, howom, mthor on tho molhwift of 
giindlng «do]^k>d by Iho aiMWifiictii«»i» than on tho 
eompoiition of tho oomoati, and the toit bi thoroforo of 
donbtfnl valm Tho dife«neo botweon two very »itnikr 
eomonti, hm r^^gMrd® Mr fwoponbii of «oiir, imy Iw 
dotormlnad, Imt with nodom milli it it BmiOI, aa it iiown 
by tho flgurw In Tabl® XVII,» 

;Th# floiipomfi*or» ftithottfh «ni}4uyud In Hoinr 

; , 5 ,; f * A. a Otilft Am imt, din I7&. u--i 
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Tlireo vortical tubes, conical at tho lower imdH, are em¬ 
ployed, and air is admitUsd to thorn by narrow glasK tubus 
riJiiohing nearly to tho Iwttom of tho ewnos. Tho prossuro 
of tljo air is kept constant, at 100 mm. of water, a inano- 
inetor being attaohod, Tho apparatus is sot in af:tion 
after 20 grams of coinont have bo«sn inlrfsluced into tho 
first funnel, and after the expiration of a certain tiino, tho 
residues in tho throe tulios, and in a fourtli vessel which 
oolioets tho finest flour which i» driven Iwyond tho third 
vessel, are woighod. Bitpoattal dd^rminations witii tho 
same cement give very cotioordant results. Table X¥l. 


TABLE XVI. 
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tories, Las not come into general use, and the opinion of 
most -workers is unfavourable to it, as the value of the 
results obtained does not appear to he commensurate-mth 
the trouble involved in making the test. For practical 

TABLE XVn. 



Besidue on 
180 Sieve. 

♦ 

Fine Grit. 

Flour. 

Total. 

Ground by tube-mill . 
Ground by other mills. 

Per cent. 

17-35 
17‘63 s 

Per cent. 
22*45 
27*33 

Per cent. 
60*20 
65*14 

Per cent. 
100 

100 


purposes, the cement passing through the finest sieve in 
use may he regarded as having high cementitious value, 
and a further classification of this portion according to 
size of grain appears to be superfluous. 

Litre-Weight or Apparent Density. 

It was formerly a general practice to specify a certain 
“weight per bushel” for cements. This requirement 
has been long and deservedly abandoned, as concordant 
results could not be obtained, and the numerical values 
were found to be worthless as an indication of the quality 
of the material. In many laboratories, however, careful 
determinations are made of the weight of a definite 
smaller volume, usually one litre, of the powdered 
cement. The weight of a litre is frequently termed the 
“ apparent density.” 

It must be pointed out that the “weight oi a litre 
of cement ” is an entirely meaningless expression, unless 
accompanied by an exact statement as to the conditions 

1 The grading by means of a current of air or liquid depends not only 
on the size of the particles, but also on their specific gravity, if unequal. 
The effect is more marked when a liquid is used than m grading y 
means of a current of air. 



















uperturo through which the 


AiviuMm Iw tin W«l^t ^ 

tho height tbwmgh wbioh || faUi, m«l th« Mhn|ie of} ho 
fM. vHurij.g m woM AM ,m Ihoatato of wmt o| i^ibr»*, 
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The cement is introduced into the cf)nical Hhoot-nujUil 
funnel, which is provided with a perforated disc halt-way 
down. By means of a wooden spatula, shown at the side, 
the cement is gently stirred so that it passes through the 
perforations, and falls down the neck of the funnel into 
the cylindrical brass vessel below, of internal diameter 
12-5 cm. and height 8-16 cm., the capacity of which is one 
litre. Care is taken to avoid any jarring of the apparatus 
during the process of filling. In another form ol apparatus, 
used at Zurich, a mechanical screw-food is omployod to 
deliver the cement to the measuring vessel. The simple 
arrangement described above is more general. 

The weight of a litre of cement shaken down by 
vigorously tapping the side of the measure is somotimcH 
taken. The weight is naturally much greater than that 
obtained by filling without shaking. 

The weight of a moMurod volume of powdered cement , 
determined under standard conditions, is dependent on 
the specific gravity of the cement, and on the fineness of 
grinding. If two portions of the same oMnker aro ground 
to different degrees of fineness, a litre of the coarser 
product will bo found to weigh less than a litre of the 
• finer particles. How groat a difference may bo produced 
in this way is seen in Table XVIIL,* which show's the 


i- 


TABLl XVIIL 



Weight of » Wtre, ihaken. 

1. 

11. 

HI. 

IV, 

Portlaiwt . 

tmi 

FMS 

■ ^4Ti 


Iri'rtji-FortlttiKl ♦ # * # # ^ 


vmi 




^ M. <J*ry, Mitt, k, Mnkrtai-PfUf. Amt., IW8,24,12. 
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■weight of a litre in kilograms, in the ghaken-down condi¬ 
tion, of the fractions separated from some cements by the 
air-separator described in the last section, I. being the 
coarsest and IV. the finest fraction. • 

It is not possible to calculate the weight of ten litres, 
or of a cubic metre, or of any other volume, from the 
weight of a htre, or conversely. Any alteration of*the 
volume used involves a change in the degree^ of packing, 
and it is therefore necessary’s in comparing together 
different cements, to use only weights obtained from the 
same volumes under the same conditions. In Table XIX, 
the weights of a number of cements are given, (d) filled 
into a litre vessel without shaking, ( 6 ) filled into a litre 
vessel and shaken continuously, (c) filled into a vessel 
holding ten litres.^ ? 

TABLE XIX. 





III. * 

1 Litre Filled. 

1 Litre Shaken. 

10 Litres Filled. 


■ % 

: U 

1 . 

IL 

IIL 
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i, 

be understood as having a rough relative value only. It 
is not sufficient to multiply the apparent density by the 
number of litres in a cubic foot, and to- accept the product 
as* the wei^t of a cubic foot of cement. However, the 
weight of a certain standard cement needed to fill the 
measure used in the preparation of the mortar having 
been found once for all, the apparent densities of different 
samples maybe used, on the assumption that the factor 
does not vary appreciably. This assumption is very 
nearly true if the quality of Jhe cement only varies 
within narrow limits, and the determination of the litre- 
weight is therefore useful as a means of proportioning 
' mortar, but is unsuitable for use as a test of the quality 
of cement. 

When the ''weight per bushel” test was used as a 
means' of judging the quality of cement, the heaviest 
samples were considered the best. At the present time, 
when a specific gravity test is also applied, provided that 
the cement is not deficient^J,n specific gravity, the lower 
its weight per litt% the better, sin#e this low " apparent 
density ” is an indication of fine grinding. 

As the litrfe-weight is also dependent on the specific 
gravity, it diminishes with the age and aeration of the 
cement, owing to the particle|»becoming specifically lighter 
by hydration and carbonation. % 

Determination of the Setting- Time. 

The chemical changes involved in the setting of cements 
have been discussed in Chapter V., and it now remains to 
describe the methods of determining the time occupied in 
the process of setting. Two periods are distinguished, the 
“initial set,” or interval between the gauging and the 
partial loss of plasticity, and the “final set,” or time 
required for the gauged cement to acquire such firmness 
as to resist a certain definite pressure. Formerly, the 
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fingor nail W!is used to produce the prossiire, hut the use 
of the standard “ needle ” introduced hy Vioat is now, in 
its original form or in one of its modifications, almost 
universal. This instrument consists of a slender cylin¬ 
drical rod, loaded with a definite weight. In all its usual 
forms, the cross section of the rod is 1 sq. millimetre. The 
eornent having boon mixed with water to “ normal con¬ 
sistence," and formed into a cake in a cylindrical rnotild, 
the “ initial set" is said to have been reached when the 
needle is m longer able to penetrate by its own weight 
through the whole thicknoM of the cake, and the “ final 
set" when the needle, carefully lowered, no longer makw 
an appreciable impression on the surface. 

The determination of the setting time k affected to a 
very marked d^ee by a numW of circumstimccs: 
quantity of water employed in gauging, temperature, 
hygrometrio state of the atmemphere, &o., and compwable 
remits can only be obtained by workup under standard 
conditions. 

Am r^ards the quantity of water with which the 
cement is gauged, a thin mixture sets more slowly than 
a stiff one, and it is thei^ore to work to a 

standard oonsistenoa The quantity of w^r wquheed is 
different for different cements. The manner in which the 
gauged cement behave whm turned over with a spatula 
k not an accurate guide, and a definite rule k preferable. 
The following method k fairly satkfaotoiy. About 300 
grams of cement wre worked to a past© with a quantity of 
water judj^ to h® omroot, the working with a s|»atiila 
being continued for three minute* in the mm of slow- 
setting, or for one minute in thirt of quiolosetting oemente. 
The paste thus oMained w fill®! into the split brass ot 
ebonite mould of Vicat's apparatus (Fig. 10) which rwts 
on a glass plate, and the surface k smoothed. The small 
needle k then mplaeed a cylinder I 
’* ' The whole moving part of the appamtusl 
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300 grams. When allowed to descend through tho ttmrlar 
by its own weight, the cylinder should come to rost wil h 
its base 0 rnm. above tho level 
of tho glass plate, a.s indicated 
by tho reading on the scale. 

Should tho reading be higher 
or lower, the paste is too thick 
or too thin, and tho quantity 
of water used is altered accord¬ 
ingly. 

This method of determin¬ 
ing the standard consistence, 
although very generally used, 
is objected to by many 
workers, who prefer to trust 
to personal judgment of the 
consistence. The Gros»-Lich- 
torfelde Testing Station em¬ 
ploys a different method. The 
cement is mixed, with gnwlual 
addition of water, until syrupy Fio. lo. 

consistence is reached, so that Vioat'i Newiie. 

the paste, lifted by a spatula, 

runs off in long, thin threads. About ;}2-38 per cent, of 
water is requirofl. Further additions of cement are thou 
made, accompanied by vigorous stirring, until tho surface 
becomes glistening, and tho paste no longer lulherw to 
tho sides of the mixing vessel In this ease, also, much 
depends on individual judgment. 

Tho temperature of the water should be IB® or 1$*, 
and tho tests should ho matlo in a room tho tomjwratiw) 
of which remains as constantly as pc^siM® near to that 
point, 'rhe initial set is then doterminetl with tho samo 
apparatus, the thick cylinder being repkceil by tho nowllo. 
At first the needle readily sinks through the miuei and 
comes to rest on tho glass plate, Mid the moment at whioh 
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it coftsos to penetrate completely, and Ik arroKttfd at an 
intermediate point, is taken as the time of initial wit. 

The final sot is determined l»y loworinjjf 
ll^ the needle gently from time to time on to 


I I* I surface, which was originally in oontaot 

I |! I with the glsM plate. 

I 0 I The needle pm«jril>o<l by the British 
Standard Specification of IW is of dif- 
jj ferent pattero, as shown in Fig. 11.* The 

Ji weight is considerably greater, being 1185 

gmms (2| Ib.) instca*! of 800 gmms. Only 
y the final sot is dctennin^l. There is no 

stand, guide, or gmluatect scale. The ap* 
pamtus Is lilted by the lotmo collar, iowcr^ 
gmtly cm to the cement, and the spindle 
* allowed to slide freely through the collar. 

* *• Another ferm of the sonio appamttis has a 

weight insteail of the prismatic 
RUatei 8^i- am, ai^ » ring % which It may Iw hung 

linger, and so lowctfetl vertically. 
The needle shonM dlwayt be applies! at several different 
pints, b order to piaid ^g^mt mrotw due to the prmidbio 
praieneo hard lump M ^ ecunent. 

Table XX, $ham tl» Influence of teinpei^tHrc on the 
setlbg time ii|«inttt»i of two o@m®nt*i, of which A ■ is' a 
* Bm AjpfmM* 1« for RsvM irttitb SliuadM SfwetSeatbia' of 1^10. 











is record^ by » pon on ft rotating disc, in i<- 
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nialiiim-sotting ooinont from a rota-ry kiln lUttl B ii hIow- 
Hotting eciucut from an iiitorniittont kiln. 

table XX 




Dry Atmoiph^ra.' 

IJitiiiit Wtttwr. 

Cement. 


Iriitial. 
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The quantity of water used in gauging was in each 
case 22 per cent. 

The attempt has been made to render the Vicat needle 













minuto they are agam raiaocl, and tho table oarryiug the 
coinont (mixed in long roctan^ilar inonldK) ih automati¬ 
cally moved forward thnnigh a certain diiilanco. A 
tracing pen records the vertical uiovemontB of the 
needles. Although this apparatus is {proatly sujKjritir to 


fw. a 

'fenipemliinMJttrvwi ef OmimI wttli Oary'i 

the other formi dawwibed, the three ncecIIeB do not, m » 
riito. give identical rosnlu, and It must Ihj mitinihd lha! 
none of I,he atiUmiatle devices hitherto tried arc as srusl- 
worthy as the needle aoUialetl hy hand.’ 

J .jV 

* Thermic auioinatk iasifwmtrtt&i, m wyll ^ tim tnf-.tttM'jl, ;(.nt 

d*!Ktribt:d hy Qmy% iXmir, tUtp, 11 * 07 , 1 , 
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An entirely different method of determining the Hut- 
ting time ban l,oen emp%od by Gary, depem mg on the 
development of heat during the procesH of sotting. H ft 
thermLeter is embedded in the cement hJ 

ately after gauging, and the containing mould is paoKd 
in sawdust to avoid loss of heat, and covered with 
perforated wooden lid, the thermometer may l>e_ rotwl at 
intervals, and the readings plotted against the ^ 

considerable rise of temperature marks the sottmg. With 
slow-sotting cements there is usually a rapnl nw of tem¬ 
perature shortly after mixing, then a fall, and later on a 
second rise, corresponding with the final sot dotermmoc 
by the needle. The lowest point of the curve corrwponds 
with the usual initial set. The apparatus is made self- 
recording by means of a photographic arrangement, the 
shiulow of the mercury column of the thermornotor, 
thrown by a lamp, being projected on a moving photo¬ 
graphic plate. The gratluations of the thermometer 
record themselves on the plate as horisKintal lines, ami 
vertical lines representing the time are wbled by moans 
of a ruled transparent screen during printing from the 
negative. Two such curves, with most of the ruled lines 
omittefl, are reprmluced in Pig. 12. Koth refer to slow- 
setting cements. The thermal and indentation methods m 
the fiiut case yielded nearly identical results, but in the 
»©0Oiitl a very iiiarkecl devalopniwl of boat iKHiiirretl loiig 
after the needle hiul ceased to make any impression. 
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The initial set is indicatod earlier by the thermal than 
by the indentation method. This result is of «»tino im¬ 
portance, as the object of determining the initial set is to 
know when the chemical reaction sets in, a point that is 
clearly better determined by chemical than by mechanioal 
moans. After the first set, caused by the hydration of the 
aluminatos, the mortar los^ its perfect plastieity; inibe 
workman’s phrase, it is said to be " killed.” KilW mortar 
liehaYM more like a mud when mixtd with water, Mid if 
allowed to dry during setting do^ not harden. There is, 
therefore, considerable risk in using it in a dry situation. 
The nature of killed cement, in which the hydmtion has 
partially taken place, demands further investigation, but 
it is a safe rule to avoid its use in practice.* 

The setting time of a qiiioknietting cement is pmcti- 
oally unaffected by admixture with sand, and m therefore 
the «ne ha mortar m in “neat” cement past®, but slow- 
setting oemeny set more slowly in mortar, the develop¬ 
ment of heat occurring later aM lafor m the quantity of 
sand b increased. 

The thonnai method promise to yield very inteiwt- 
ing results when further perfected. The rwdii^, with 
different quantity of cement, differ considerably, mainly 
on account of the low <m4aotivity of the material, tynd 
hence it has not bwi widely adopted, hut, after heii^ 
standardised, it may probaMy come into more general 
use. 

Very careful preoautiona moit bo taken to minimise 
the loss of heat by the mas% specially in the u^ of slow- 
setting cements, m wnall vsnlMions of temperature may 
ho entirely masked yto e£^t of radiation and conduc- 

bA few ex^numts hf tf.'lBansbsrts, Mm. h Am., 

tm, 20, lea, Siwwt4 dial a da«*«rtiliBg eameal, wits M iwl S l)e«r», 
{out Iluie BtrmglU If aBsr p«fi»g lar »p to « Imhiw* %km 
vigcwu# aad woaUM, 'Mof sHowcd SS tbijw. tv IimkIm in 

waMr, liiit tbst iOirtojk tayrnd StManitaMsed avetyrstiM fsil'la 
r«oS»l«| wfw ^ Si Iwttta , • ^ 








Lion of heat to the surroinidings. When siKitjial arraugo- 
riionts are made to avoid this error, the curvoH shown 
in Fig. 12 laioonic somewhat rnodifted, the fall of toin- 
peraturo after the initial set disappearing, so that the 
curve indicates a progressive rise in temperature, which 


the further reaction sets in, again very rapid.* The 


dependent in a much greater degree on the quantity of 
material use<l for a test than are those obtained by a 
meohanical or indentation method, and it is for tliis 
reason that several investigators, after a trial of the 
thermal test, have abandon«Kl its use. 

Constancy oy Volume and Soundness. 

It is highly important that a cement, after ganging 
with water and sotting in place, should not undergo any 
appreciable change of volume, as shrinkage would load to 
the formation of cracks, whilst expansion would Iciul to 
deformation and, if oonsiderahle, to jlisruption and dis¬ 
integration. From what has been said of the Iwhaviour 
of the colloidal constituents of ganged oeinent, it is ovi- 


Ihc shrinl 
r is muc; 


and lienee eoiiiont-sand mortars, if prriporly mixed from 










serious, involving m it dow the nsk of d^tniction ot the 
buildings or stmotures in which it is nsetl A minuto 
expansion takes place during setting under water, amount¬ 
ing in normal cements to alxmt 0-8 i>er cent, of the initial 
volume. It is doubtful whether this is due to real ex- 
pansion of the cement, or to a thmsting apart of the 
gelatinous particte, producing an increased porosity of 
the mass. The latter explanation appears more probable. 
When the cement is mixed with an inert sulwtanoo, as in 
mortar, suoh expansion becomes dit^ther n^ligible. 

A defective cement expands after sotting, sometimM 
rfter a period of week* or months We elap^. The ex¬ 
pansion, which produce* crack*, is often known m “ Mow¬ 
ing.” A pat of defective cement *how* after hanlening a 
network of fine crack* or, if of very had quality, portions 
of the surface Aay detach themi^lve* and fragments may 
break away from the The addition of sand does 

not prevent blowing. 

The axpanafen erf defective cement i* attrilmted to the 
hydration of certain <rf ito ©mstituents. The phenomenon 
very closely jwembta the daking of lime, differing from 
it only in the slown^ with which it prowd*. The 
expansion of the oaloittm oxide in this reaotion i» only 
apparent, a* the voteme <rf the slaked lime « actually 
Im tfewra the sum of the volume of the quicklime and 
the a%ator from which it hi formed, Imt the mecHsnical 
oulwanl thrust produce! is very great. It ibil'ovs sha! 
the luii-s.s must become porous, the puHitfles ta iug lltnisi 
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apart. Thi8 expansivo force of lime during Hlakiug is 
utilised in the application of lime cartridges to the <lestrut3- 
tion of walls, &o., the cartridge acting as a wetlgo wlion , 
wetted. The cracking of cement pats, and the destruction ^ i 
of mortar or concrete by expansion, are due to an action 
of precisely the same kind. 

Blowing cannot ho attributed to the hydration of 
quicklime in the physical condition in which it is Itost 
known to us, of a loose, friable solid, for such limo would 
undergo hydration immediately on contact with tho water 
used in gauging, and would be rendered harmless Iwlbro 
the sotting process began. Crystallised limo, however, as 
is mentioned on p. 53, only becomes hydratotl after long 
exposure to water, and then exhibits expansion in a very 
marked degree. In accordance with this ftu}t, cements 
prepared at a high temperature in tho lalxiratory, an<i 
containing so largo a proportion of limo as to show 
crystals of calcium oxide in a mioroscopic section, 
“blow” after setting. This condition is rare, but lime 
occurring in a 1^ distinctly orystallino form has very 
similar properties when brought into oontact with water. 
Actually, three errors in eompmition are known which 
may give rise to expansion or blowing; 

1 . An excess of limo alwvo the quantity capable of 

being held in combination or solkl solutiiin in 
normal alite; 

2. An oxccHsivo pr(>i>ortion of ; 

3. An cxiiossivo proportion of sulphatwi. 

Expansion caused by tho action of salt solutions on 

hardened cement is considerwl later, in connection with 
tho action of sea water on mortar or conorete. 

The mtMit frequent cause of ex{)ansion is the prwenoo 
of lime in an unsuitable condition. The quantity of lime 
that can Iks retainetl in a safe condition by a cement ilo- 
iwnds, not only on tho proportions of tho other con¬ 
stituents, but also on the proem of manufacture. Tho 
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hi.ifhcr the tomporaturo of buminj?, the lai^wr Ih Lh« 
([iiiMitity of litno capable of being held in wjlntiun, so that, 
cciiionl- nnwlo in a mcMlem rotary kiln may safely cjoitiHiu 
5 ? a huger proportion of lime than cement made in one of 
ihe old-fashioned intermittent kilns. 

Even although the original mixture may have !«jen 
correctly proportioned, there are two ways in which the 
product may come to contain uncombine<l limo. The 
materials may have been insiifiiciently mixed in the 
grinding proeeM, with the r^nlt that some parts of the 
mixture will contain relatively too nmeh lime ami other 
parts too little. When ground after Inirning, the ovor- 
limd. clinker will render the whole of the product 
unsound. 

Inequalities in the bumitq? may atao occur. When 
stationary kilns are used, some parts of the kiln never 
attain the foil bumin^ temperotuw, owii^ to iaequalitiwi 
of draught, &o., and the clinker when remdv^ always 
contains some utrderbumt portions, which are picked out 
by hand and rejected. If the hand-picking is insufficiently 
careful, or if the underbumt portions are not wadily de¬ 
tected in a largo maa# of clinker, the »mo result may l>e 
Immght alwnt, namely, the presence of uncombinwl lime 
in the finished eement. This defect is much le«i likely to 
occur whore rotary kilns we used, the buming in this 
tyim of kiln beir^ more untform and complete. In order 
to guard against expMwicKn of a cement oww^ to the 
prwence of an excew of lime, it is thowfom necewary that 
ihe mixture should be oormotly proportiimecl, that the 
gruiding and mixiiif of the materials shouM be very 
Ihorwigh, and that the bnimmf should be sufilclently 
unifom sad at a eufflekotly high tompomfcure, 

Expanitton due to msf^la doei not show itself, in 
many,canes, until irftor a »«oh loiif^r period, as strongly 
hmml rai^esia often remaiw inert for a Imqf^tiiiio 
■- '■‘'UndetotiM hwlration*'-' Expansion due, to, this ca»we wm 
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first observed in 1884, wben, almost simultaneously, 
attention was called in France to tbe destruction, two 
years after erection, of a number of railway bridges and ^ ... 
viaducts, and in Germany to the craching of the town^^^^ 
hall of Cassel, which it became necessary to rebuilds 
Both cements were found to contain much magnesia, the 
French from 16 to 30 per cent., and the German 27 per 
cent., as they were prepared from dolomitic limestone. 

The expansion was not found to take place in dry air, 
but only where exposed to rain or otherwise in contact 
with water. The result of a long series of investigations 
proved that magnesia was not only dangerous when by 
its presence it raised the ratio of bases to acids above the 
safe limit, but also when it merely replaced a part of the 
lime in a sound cement. The mechanical addition of 
light calcined magnesia was found to be without influence, 
whilst stropgly calcined magnesia produced enormous 
expansion. It is still uncertain how far combined mag¬ 
nesia plays a part in the change, and further experiments 
are needed in this direction. The lightly-burnt natural 
cements of the United States, which contain large quanti¬ 
ties of magnesia, are often perfectly sound, the magnesia 
then being in a hydraulic condition, and heaving a certain, 
although small, cementitious value. In strongly burnt 
Portland cement, however, magnesia in more than small 
quantities is always dangerous to soundness. The upper 
limit is fixed by the British Specification at 3 per cent, 
and by the German at 4 per cent. 

• The third compound liable to cause expansion is 
calcium sulphate. The increase of volume is not due 
in this case to the hydration of the sulphate, as the 
hydrated salt, gypsum, produces the same effect if added 
to the cement in more than a small quantity. The 
expansion is attributed to the formation of calcium 

1 See H. Le Chatelier, ilforiiers p. 142. 





tlioreforo Htaiwls in relation to tho alumina oontents of 
the comont. In accordance with thia conclusion, iron- 
oro cement, in which the alumina is mostly replaced hy 
ferric oxide, is remarkably little aftbctojl by the ad<lition 
of gypsum, as much m 29 per cent, having l>oen iwlded 
without prcKhieing unaoundnoss when the pats of comeirt 
wore stored in either fresh or sea water,® This point 
requires further inv<»tigation, on account of the some¬ 
what sniqjrising nature of the results hitherto publishe<L 
The British Bpecification fixes a maximum of 2*75 per 
cent. SO 3 , and the Gorman 2-6 per cent,, in Portland cement. 
Expansion may show itself soon after setting, or may 
not develop until after a oonsidorable interval. The 
examination of ordinary t«it-pi©ce» is therefore insufficient 
as a means of detecting unsonndnMs, as the defect may 
not become visible until so long after mixing that the 
cement has been taken into use and made into mortar. 
For this reason accelerated tesite have been devised, bwed 
on the faot that the changes occmrlng during the setting 
and hardening of cement proceed more rapidly when the 
temperatum is raised. Sevwrad methotls of carrying out 
the " boiling " test have been propped, and only the mmt 
important of them will he descritid here. 

The simple coM-water ^ for 8<Hindn®« is porformetl 
by mixing cement with water to form a psto of “ nonnal" 
consistence, mouMing into a thin disc on a gla»» plate, 
and after 24 hours in mohi air, keeping the disc in air 
or in water. At the oidinaiy temperature no oweks or 
blisters should appear wltWn 28 dajw, luid the diw should 
iw>t sepamfce from the glss*. 

The most important the acoelemted tests is that duo 
to In Ohateller. The i^ged emnwt is HIM into a small 

t'ACaadiol. i^f.m 

; . , • (kmrnmd Mn&U. jr«i, l«08,at>, il2.' , , ' ' ■ 
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brass cylinder, split longitudinally and providcwl witli two 
needles, the ends of whicli diverge if the cylinder w forced 
open by the expansion of the material oontaino<l m it. 


# 




It 


Obatislter s im -lb# Memm- 

m«afc of li'i^ailoa. 


The fonn and dimensions of the apparatus are shown in 
B’ig, 13, The |« 3 rfonnanc® of the t^t is bwt d»rib«l In 
the terms of a recommendation of the Committee on Ao- 
celerated Taits of the International AsKwiation for Testing 
Materials, presented to the Copenhagen Congr^ in 

» ^md Aif *f 1W# 4 Mi. 
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CGincnt iH into tlio mould on u 

plate of glass, the edges of the mould being hold together. 
When the mould has been filled it is covered with a plate 
of glass held down by a small weight, and the whole is 
immorsod in water at 15° for 24 hours. Any tie or bantl 
which has boon userl to keep the edges of the mould 
together during sotting is then removed. The distasuio 
between the indicator needles is then mournrorl and the 
mould is placed in cold water which is raised to KHl® iip 
the course of half an hour and is kept Iwiling for 6 iKSirs. 
The mould is removed from the water, and after it has 
cooled the distance between the indicator newllos is again 
measured. The difference between the two measurements 
represents the expansion of the cement. This must not 
extjeed 10 mm. when the cement has l)oen aerated for 24 
hours, and 5 mm. when the cement hm \m>n aerated for 

7 days.” . , , , , • 

A large copper water-bath, with constant level supply, w 
used for immersing the apparatus, mwl is raswle of suffioient 
capacity to accommodate a number of the brass cylinders, 
on.iu tnaf. ham not liean universallv adopted. In some 
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Paijii’s te«t, foniiorly much used, consisted in heiUiug 
a pat of cornont in water-vapour at about 40“ for 0-7 
hours and then in water at 48® for the remainder of tho 
2i hours, SI jacketed stoarii bath Iwing used as tho heating' 
vesHcl. It is thoToforc less severe than the Ifoiling tost. 
On tho other hand, Erdtnoiiger’s tost turns at still greater 
severity, tho tost-piceos being heated in an autoeliwo 
under a pressure of 40 atmospbores, This tost may well 
bo set aside as being uuniiturally severe. 

There has l>cen much controversy as to tho rolativo 
advantj^os of the various accelerated tests for oonslanoy 
of volume. As has boon moutiened aiwve, the coiinnittoo 
of tho International Congress appointed to deal with this 
subject has decided in favour of Lo Chatciier’s tost. A. 
comparison of 6 sound samples, 5 doubtful siiinplos, and 4 
unsound sainplos showeti that the cold-water tost at 28day» 
was quito inadequate to detect with certainty doubtful 
cements or even some cements known to be iinaound. Tho 
bests at 60“ sufficed to detect thoroughly unsound cements, 
but eouM not he relied on to detect doubtful samples. 
Tests by Le Chatelior’s method were entirely trustworthy. 

The British Standard Speoitieation requires that tho 
expansion, moiwured in the manner rlosorilKxl, shall nob 
produce a separation of tho points of tho noodles by mor© 
than 10 mm. after tho cement has romaino«l 24 hours in 
the air, or of 6 mm. after 7 days in air. 

Many fojrans of apparatus have hw devised for 
measuring more aeeuratoly the expamion of a oemont. 
The tet-known tost is that due to l^umhii^er, The 
test-piewa are reotan^lar prisms, 10 can. loi^ % § om.* 
m (;rt>sH section, firnall hollows are left at each end of the 
prism, in wMoh snail, oonicid piaoM of bram or i^ato are 
cemeiiterl The instrument used b a special form of 
inioromoter callipers, lietwoen th© jaws of whbh tho priarn 
i« brought, so that the points of tho eaIli|)orH toucli tho 

h 
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twosiuootli surfocos of thto oroboddcd coiiob. 11m> prcBHuro 
is rogulatod by a spring indicator, and the reading of the 
head of tho inicrornoter is then taken. Some skill in 
making instrumontal measurements is required with such 
an apparatus, and tho oonw are very liable to suffer dis¬ 
placement if special precautions are not taken. For this 
reason tho Bauschinger micrometer is not to l>o recom¬ 
mended for routine tests in the klwratory, although it is 
very suitable for accurate determinations of expansion in 
tho course of a research. 

In another method of measurement, two metal pins 
are inserted vertically in the tmt-pioco lieforo it is com¬ 
pletely sot, and tho distance l>otweon them is measured 
immediately after setting and after definite intervals, 
either by a wmlge-shap^ plate with graduated edg^ 
(Lo Ohatelior) or by a lever arrangement which greatly 
magnifies the displaeemfflat.’ All such devices depend for 
their tmstworthin^ on the immobility of tho metal pins, 
a condition which it is difficult to secure. Tho simple split 
cylinder is free fwim these disaclvant^cs. and fulfik tho 
requirements of a convenient and trustworthy twting 
appliance. The tMt is to be preferrdi to tho simple 
observation of pats or oakm without mei«ur@ment, as it 
may happen, wpeeially with cements containing m^nasia, 
that expansion of volume tak^ place smoothly without 
produoing dktortion, so thikt no warping or emoks are 
otwerved. Thus Le Ohatelier found that pats of a finely 
ground mixture of Portland cement and strongly oaloim^ 
magn^ia expanded to the extent of 30 per cent, of their 
linear dimensions in two years, without any appearwice of 
craeks. Similar rewultB ai» obtained when unsound oommts 
a» heated in steam. , , 

The exact ohw^ in dimensioiis und®iq?on@ by ntsrmal 
mortar durii^ setting is of InaportMwje in connection with 

' 1, A. Martvn*, MiM. h MakrM-Pr^. IW, tS, SBS. 
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:if tho«o iiiiitoriak, as if hindered by external 
ti expanding or contracting freely, internal 
3 sot up, and inodify the distribution of strosH 
strnctiiro when a load is applied. In tho series 
ents collected in'Tablo XXI.,* thftraeasuroinents 


TABLl XXI. 
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» by moans of retwUng microscopes, tho datum 
ng engraved on embediled glass rods, as de- 
3V0. Tho alterations in length are given in 
» per metre. 

methofls dewribed above measure the linear 
Mention should also be made of the method,® 
xl to researoh than to routine work, of detor- 
t volume-expansion directly in a volumc-dilato- 
volutno of mercury displaced by a small oylinclor 
:>oing moMurocl. The linear expiunsion is practi- 
hird of the volume-ox pjunsion, and may thus bo 
Table XXII. gives tho relation between tho 
moasurwl in this way, and hy means of the 
lor. 

all expansions, tharefom, the reading given hy 
er’s apparatus is proportional to the linear 

% MMi» dm4. Ii0i, .*|.||# 

vi ilnf anil I fill#, 

%mm m4 O. % tote, Mm. Ukm. liC^ TS«I. 
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ball, of cement, k iwod for the purposi®. BtowHHOttiiyi 
oementB are natarally tho mernt lmM« to dMnt^p»t« 
under such treatment, and tb© test w not a fair on© for 
detecting un»otindn«ii.‘ 

As ft precaution agilnat aubmpient ©xjmmion, the 
aeration of cement baa hma very generally praotinod. 
Tbe cement boii^ apread out in a thin ky@r and turae«l 
over several tim«i, the are brought Into contact 

with air, nwwsatlly cmitalnlng niokturo and carlwn 
dioxide, «d partfolea of lim© have an opportunity of 
becoming alakod wd rmderod Inert. It wa# fonnerly, 
■ and I* still voiy ftefUently, the practieo to insert in Imild- 
ing and engineroing apeoWeatiom the ro(|uir®incnt that 
the cement should ^ atnrted for a definite jjeritw!, tisuiilly 
“) ,' twenty-eight day«* : ‘W»W» a*® «rverol roasomt why nuch a 

* ,S«(s A. C. Davl#, Pmt. Imt, Cit. Iwj., iwj, J77. K-ri. 
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rcqiiiroinont has bcconio unnecessary at the present day. 
In the first {dace, the finer grinding of the ccinont has 
increased its soundness, the particles of lime or insufficiently 
burnt material inside the grains being very largely re¬ 
sponsible for unsonndnoss. The more uniform burning 
obtained in the rotary kiln also reduces the risk of 
underbumt partitdes. The process of applying steam 
during the final grinding in the tube-mills, described on 
p. 126, supersedes aeration, by hydrating the substances 
causing unsouudness, aird bo rendering them innocuous. 
Any aeration of a cement treatetl in this manner is super¬ 
fluous, and even causes deterioration, owing to the in¬ 
evitable formation of the inert carbonate by the action of 
carbon dioxide. Where the steaming process is not 
applied, aeration, by turning the cement out on to a floor 
in a dry store, should bo resorted to, but it is now quite 
possible for manufacturers to supply a Portland cement 
which is really for immediate use, without any danger of 
subsequent expansion. 






OHArrEit VII 

THE MKCHANIOAI. l’I«)PKltTIK» «»!-’ UEIIK 
OONOKETl AN» AlltirillAI. HT(>»K 

Tui value of ooment, »hoii oniployisil as i* *i 
macerial, deponds primarily on lt« itiMkauilwl 
ia the mi and itardonad eotidition, a airoagth 
tko oohiraba of the partioka of tho coinont, Mttl 
adhijiiioQ, firstly to the graini of Noutl iwtih vhioh 
mixed, and socoadly to the atirfMos of tlio atono < 
On tho kypthoiM aa to fcho nattire of hanleiKiij 
adopted In thb work, the oauae of the niMlia 
iiatanee roridot in the dmilocatod pi wblob oo) 
tiie motife mam of the oemoni after haidoninf. 

M(M3hani8al teats therafore pky « nitMl Inport 
ia determiniDg the quality of a eetnoal, aad «f er^ 
oation requires n oertaln minitnum Mren^ tiiat 
attMned by the materiel under flven cmditle) 
baldening Iteinga very oomplex p»Mii,tbe ttren 
& high (leprae depcmdoRt on the wndltlMEM ei ml 
tasdiz^, wd it v Iherefom neouMtiy to iweMrihe i 
mmmt of ia order to obtabi eomimrable r 
Two forms of lArm may be applied, the s] 
being loaded In tension or In oottiyromloa. It Is i 
pftesko M.ren|[th of mortar Md oonerete will 
prineipal lm|>ortAaw ia eowlruetlwi, lait tests fa 
/WTO jnor® (KMBWijfcnliy i^plkd, and ♦» moro 
d4iidardisdl, diMa toMs ia eompivssimi, and ihm 
mmtt om»tihate the bulk of the cMvIlnary rout! 
f. i%@ oompmdve tdmt^hlwfs a fairly ©onatant 
to the tonrilo under standard rntwlidoiw, and uti 
^; foro b« ealoukted from, tbw latter widb arr wmum 
SHlliobnt for nirtiit |i«tetfeal 1*h< 
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piractic6 has been to make tensile tests of ** neat ’’ cement, 
that is, of cement gauged with water alone, without the 
addition of sand. This practice is unfortunate. An 
essential quality of the cement, its power of adhesion to 
the surfaces of foreign particles or masses, is not brought 
into play in such a method of testing. That the results 
are apt to be misleading is shown by the?fact that if an 
ordinary cement is re-ground so as to give a greatly 
increased proportion of the finest flour, the strength of 
neat specimens is actually reduced, whilst that of the 
mortar is very considerably increased. Tests on neat 
specimens alone would lead to the conclusion that very 
fine grinding is disadvantageous, which is the contrary 
of the truth. It is therefore very desirable that tensile 
tests of mortar should replace those of neat cement, the 
mortar being prepared under standard conditions, with 
a standard sand. Only in this way can really representa¬ 
tive tests of the quality of the cement be obtained. A 
method of testing, which consists in the application of 
a bending stress to prisms of mortar, followed by com¬ 
pression of the broken portions, is described below, and 
appears likely to supplant the older method, or at least to 
assume an equal importance with it, in the near future, on 
account of its greater uniformity under standard condi¬ 
tions of working. 

The results of mechanical tests depend on a number 
of factors, including the quantity and temprature of the 
water used in gauging, the manner of mixing with water 
and of filling the moulds, the temperature and degree of 
moistness of the air in which setting takes ^ place, the 
time which elapses between gauging and testing, and, in 
the case of cement-sand mortars, the form and grading of 
the particles of sand. It is therefore essential that these 
conditions should be maintained constant throughout any 
series of tests, in order that the results obtained may be 
coinparable with one another. 

The quantity of water used in gauging affects the 
results considerably, the tensile strength increasing with 
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the percentage of water, until a maximum is reached, and 
then diminishing rapidly. For example, a cement-sand 
mortar mixed under exactly uniform conditions with 
varying percentages of water gave the following tensile 
strengths after twenty-eight days: ^ 


the best result being obtained with 9 per cent, of water, 
A rather dry mixture (7 per cent, of water), heavily 
rammed in the moulds, gives high resulte, but it is very 
difficult to ensure uniformity under such conditions, and 
a more plastic mortar is now generally preferred. Dif¬ 
ferent cements require difterent proportions of water to 
attain the same plasticity. 

The temperature of the water used in mixing is also 
of importance, an increase of temperature hastening the 
setMng, and at the same time reducing the tensile strength. 
The same cement as in the last example, mixed at dif- 
fer^t temperatures, gave the following tensile strengths 
after twenty-eight days: 






Per cent. Water. 

Kg./cmA 

Lb./iri.». 

7 


£96 

8 

S£'4 

320 

9 

£3*2 

331 

10 

22*3 

310 

U 

19*1 

272 
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WitMn certain limits, the strength of the mortar 
increases with the time during which mixing is continued, 
provided that the moment of the initial set is not reached. 
The same cement, worked vigorously for different periods, 
gave the following strengths after twenty-eight days : 


Time. 

Kg./cm.l 

Lb /in.®. 

Minutes. 

1-5 

19-3 

276 

3 

21T 

30J 

5 

22-5 

321 

7 

23*1 

330 

9 

23-4 

334 


the strength increasing rapidly up to five minutes and 
very little afterwards. 

Another factor which influences the strength of the 
mortar is the amount of moisture in the atmosphere in 
which setting takes place. A decrease in the relative 
saturation of the air from 80 per cent, to 50 per cent, 
lowered the strength from 22*6 to 20 kilograms. Setting 
should therefore always proceed in an atmosphere main¬ 
tained artificially in a moist condition. The state of the 
atmosphere is determined by means of a Saussure's hair 
hygrometer. 

The mortar for neat briquettes is gauged up by hand 
and mechanical treatment is inapplicable, but cement- 
sand mortar may be filled into the mould and consoli¬ 
dated by mechanical ramming. The advantage is gained 
by this treatment of ensuring uniform density. If the 
mortars to be compared are mixed to an equal consistence 
with water, and rammed with an equal number of blows 
of given force, briquettes are obtained which may be 
fairly compared with one another, whilst no proper com¬ 
parison is possible between briquettes consolidated under 
an undetermined pressure. 
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If the mortar is mixed by hand, a copper bowl is a 
convenient mixing vessel, the mortar being thoroughly 
turned over and worked with a small trowel. The working 
should be continued for a fixed time, jisually three minutes 
for slow-setting cements, the time being conveniently in¬ 
dicated by a sand-glass. In tho hands of an expert 
laboratory assistant, mortar of very uniform quality may 
be prepared in this way, the results being quite as satis¬ 
factory as when a machine is used. It is often preferred, 
however, to mix the mortar mechanically, and tho mimhino 
designed by SteinbrUck and Bchmolzer is then almost 
always employed. This machine is a single edge-runner, 
the heavy roller, mounted on a horizontal axis, moving in 
an annular trough, which rotates about a vortical axis. The 
roller and trough turn in the same direction, but with 
different velocities, and the mortar, continually worked wad 
turned over by the action of tho roller and of two curv^ 
scrapers, is rendered smooth and unifonn. The moving 
parts are carried on a hinged arm, and owa be turned out 
of the way for olowaing. The mortar, after being roughly 
mixed by hand, is transfenred to the maohine, whioh is set 
in motion, and stop)^ ^ter twenty rotations of tho pan, 
occupying 2| minutaai. 

The standard form of briquette is shown in Hg. 14. 
l^e briquette moulds a*© brass, accurately cut, and 
divided longitudinally, tho two halves clamped 

t(^othor with screws. The |mtt©m shown on tho loft of 
1%. IS, in which a spring ftikas the place of tho screws, is 
Iw convenient. For hand filling, the mould, which has 
been previously sightly oiled, is laid on a thick glass 
plate, filled with mortar, and the oontente pwssiod in with 
an iron spatula until quite plastib, when water exudes 
from tho surface. The mortar is then ceroftilly lovellod, 
and the mould is set aside in tho moist chamber until tho 
conteuts have set, so that the screws may be ralcased wnd 
the mould removed. 
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fullost extent, so that the hammer is at the top of its 
Htroke, the short arm slips from the tooth, and the head 
falls by Its own weight on to the piston of the mould. 
Ihe wheel has nine such teeth, and rovolvijs at such a 
rate that one blow is delivered every second. After 
150 blows the gearing is automatically.disconnected, so 
that the blows ooaso. The moulds should then bo removed 
and transferred to the moist ohamber. 

Boohmo's machine has certain disjwlvantages, jis the 
blow of the hammer is not delivered vertioally, but with 
an inclination to one end of the mould. Another typo of 
machine, propped by Tetmajor and designed by Klelxj, 
w oonstruotod on the prinoiplo of the pile-driver, and 
delivers a perfectly vortical blow. The ramming head 
fftlls bdtwftitt two gnidts, and is railed by a 

wooden kth, whioh is gripped between two wheels, and 
released at the top of its stroke, and then falls freely. 
In ramming briquettes for tensile tests, a weight of 2 kilo¬ 
grams is allowed to fall through 25 om., the apparatus 
stopping automatically after 120 blows. This pattern of 
maohme is prosoribed by the Austrian and Swiss re¬ 
gulations, the German regulations proscribing Boohme's 
machine, whilst the British Standard Specification re¬ 
quires the tests to be made with briquettes filled into 
the moulds without ramming by hand or by raaohinory. 
Tests of briquettes prepared by the three different methods 
must not be compared together, as the energy of the 
blows delivered Boehme’s and Klebe^s maohinm is not 
the same, whilst by hand yiehls results differing 
from those obtained with either machine. An increase 
in the number of blows causes an Increase in the strength 
of rise t^t-pieo^, the effect being more marked in oonot- 
fuessive than in tensile tmte, ? ^ 

In Amoricii’ tlie Olson press has been used to a small 
extent. This machine is a small hydraulic profsi, by 
means of which pressure is gratlually applied, itiitead 







'UBiferstil 
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ia also funikhod with a gliding weight at b as a meana of 
bringing the lovers to an initial state of equilibrium. All 
the bearings are knife-edges of hardonocl stool 

The load is applied in tho form of small load shot, 
whioh may bo poured at a uniform rate into a susfwndod 
bucket. Tho shot are stored in a vossol a. and escano 











and thorofore giving i*"" thilTioh wliioli 

squaro inch nn tlio briqnetto. Iho li^ht Ihml gh whlU. 

tho pan may taU alioiiW bo lo. than » ™^nu» n 
aguro, in order to avoid uiidiio ohook, and a noil toll pod 

should bo priividod ui break tbo fall. . , 

Tests under oomprossivo stress are made iii a liyfimiilio 
press, cubes being used n« Umypimm. Any of ll»« 
hydraulic testing maobinea usually found In «ogin«ring 
laboratories may be usetl for this puriwso, but Ihii small 
vortical presses, in which the ram wor^ in a cylindor 
filled with oil, are most eonvonient. Tbo |»ri«inro m 
applied gradually, and is dotorminr^ by w<^ «f a gftUgo. 
In Ainslor and Uffim’s pwi«. tho gang© is a column of 
mercury, communicatii^ with a prtwsuro-reduoing cyiliidor. 
Tho pressure is then moaaurml by thu lioighl of lh« 
eolunm. In a later form of tho satno inaohino, tb© prweniro 
of tho oil in tho cylinder ra^ a heavy pond whim, iho 
movomonts of which are rt^wtowd on a dial. 

The test-pioooa are in th® form of onb»#i, and an* 
prepared in iron moulds, tho sldeo of whloh ean b*» 
separated. The mixing, ramming, storage In tbo mowt 
chamber ami in water are eonduolod in tho saino inannor 
as in the preparation of briqueth* for th® tenail® t«»t. 
The usual Continental form of oub® has a sW® of fO*T 
mm., so that the area of each fac® is 50 sq. om. Tbo 
same form is often mwsl in England, hoing roughly 2|4noh 
side, but ;5-inch eulais ar« also iiswl. Fraetur® should lako 
place in such a way that tho two laigoat fn^monts pro- 
duowl are pyramids, of which tho hMca ar® in oonlaot 
with tho surfaci* of tho prow, ami th« aj^ocs moot at tho 
centr® of tho onb®. 

A method of t«fitii^ oomont-ssml mortara by tbo 
appttoidion of bending and ootnprwiiva stireaww, exolttding 
simple tension, hmi boon devised. muI imw forms tho 
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objeot of ninneroua rosearoheii la othur lakiraforioK. 
With a viow to securing uniforiiiity ih the li’Sting »f 
mortara, Peret prt»p<md the projiaratioii et' rmtangnhir 
prisms, the oonaistonco of the mortar being more plastic 
than in thuuaiiai method of toting,au that light rattitning 
by hand ia aultioiont for its oonaolidation. Tho principal 
difficulty in tho application of tho tat lim in tho di» 
termination of tho proper quantity of water to bo itswl in 
p>nging. As tho midl of a Lugo number of oxpenmnte, 
the provkional conoluaiou haa boon reached * that win* 
parativo rasuita are bott obtaintal by tiaing the Name 
weight of water for oaoh aampb. Aa tho aanio weights of 
eotnont, aand, and water iwo taken for uaoh teat, tho weight 
of a given volume of tho frmhiy gauged and rammed 
juirrlal- JH ill oaoli oaHo th« Hiinio. (Jhanyjca in ajauitit: 
gravity during setting are n^leoted. 

Tho quantitioa requirod for a NoricM of aix ptiatna, each 
Hi X 1 X 1 ein,, are, if (tarinan standard sand w tiM d ; 
gnuuH of .Hand, 7 h 0 grama of ciJim-nt, and H) p<-r i rni.. 
or 312 grams, of water. Tho cement and sand aro 
iiiixi'd dry by hand, imd th»i wai< r ia addfd in two jwif- 
ttfios, being thoroughly workcsl by hamd until it is us 
plaatic rta )«H»ai!de. One-sixih of «hi> ijuaniiiy ia Um u 
weighed out. and rammed into one of the moulds with an 
iron rammer weighing 1 kilqgtam, and havtog a atamptng 
surfacw 3x3 cm. Ti^ mittining k not completed until 
all sis moulds have b<wn dtled. Water should not escape 
to more than a very niighl i*l«it from th# bottom of the 
moidd. After 4H hours in Uio moist ehoiiik.-r, the niMiihte 
are removal and the pfisms are placed in water nnlil 
raiuired for testiim;, aa ia the tuual Wiorstoiy mat hod. 
Slightly different propcWlfoM are ttommry if a flifferorst 
Sfuiti be used. 
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Each prism of the form described furnishes one 
bonding tost and two compressive tests. A greater weight 
tlian usual is therefore assigned, in this method of testing, 
to the determination of the strength in compression, which 
is the most important property of mortar from a practical 
point of view. The bending strength bears a fairly 
constant relation to the tensile strength, and is determined 
in this case from the same prism as the compressive 
strength, the two broken portions being utilised for the 
tests in compression. The variations of individual tests 
from the moan value are less than in the customary 
methods of testing. 

The testing machine in general use for tensile tests 
(p. 173) may Ite conveniently adapted for the purpose of 
bonding, the grip only being altered. The upper horse¬ 
shoe clip carries two transverse knife-edges, 10 cm. apart, 
directed upwards, on which the prism rests symmetrically, 
A third transverse knife-edge, directed downwards, is 
attached to the lower clip, and rests on the prism at the 
middle of its length. The load is applied in the same 
way as when ordinajy briquettes arc being tested, and 
fracture should take place at or near the middle point. 
The two fr^raentat are tested in compression without 
trimming to cubical shape, by the device of placing steel 
plates, 4 cm. wide, above and below the half-prism. The 
plates are laid transversely, the one exactly above the 
other, so that the ma^^ of mortar enclosed between them 
Md subjected to the load is exactly a 4-cm. cube, the 
portions projecting beyond the area of the plates being 
without influence on the r<^ttlt. 

Table XXIIL ^ves the results obtained with six 
prisms, from experiments made by Prey, of Luterbaoh, 
Tho “apparent specific gravity" of the prisms was ac¬ 
curately determined by we^hing and measuring the 
volume of the prisms in a volummometer, after twenty- 
eight days' immembn in water. All six prisms were 

M 
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rammed to the same extent. The strength is expressed 
in kilograms per sq. cm.: 


Table XXIII. 


No. 

Apparent 

Bending 

Compressive strength. Kg./cm.®. 

of 

Specific 

Strength 




—- 



Prism, 

Gravity. 

Kg./cm.*. 

Halves of Prism. 

Mean. 

1 

2-195 

39-8 

201*5 

204 

202-76 

2 

2-195 

38-1 

204 

183*5 

(193-76) 

3 

2-186 

(33-4) 

170*6 

212 

(191 •25) 

4 

2-194 

(37-6) 

198 

199*5 

198-76 

6 

2-197 

38-7 

185-5 

208 

196-76 

6 

2-198 

44-0 

214 

207 

210-6 

Mean 

2-194 

38*6 


1990 


Mean of 
4 highest 

} ■ 

40*1 


... 

202-2 


Tests to determine the adhesion of a cement to a 
given surface are occasionally made. The only surface 
which has been found to be satisfactory for this purpose is 
one of hardened cement, although tests with bricks and 
natural stones have often been made for special purposes. 
A rectangular block, provided with a groove for the at¬ 
tachment of the grip, is prepared and allowed to harden 
for a sufficient time in water. The flat upper surface is 
then rubbed with emery paper, and the second cement 
block is moulded upon it in a suitable iron mould, the 
size of which increases ^ upwards. After setting and 
hardening for a specified time, the load required to 
separate the two blocks in an ordinary tensile testing 
machine is determined. This test must now be regarded 
as superfluous, the adhesive power of the cement being 
tested in a far more satisfactory manner by bending or 
tensile tests of cement-sand mortars. It has indeed 




boon urged by wverid welders fch&l th® c|ii 

of eeijotout would be even lietter by wlopdiig^ 

riob miituro (1 cjouieut 14 snud iri plwi^ t»* 
briquettes, and it is pniible that tMi may li# «• - 
directions in which the preiMinfc method of t^tlBg ii 


test-pieces mcreaEOs with time, rapid 


W, €. Unwin* hm »n©Ittiid lhal thi tow 
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accuracy the course of the hardening process, 
cries of figures from tensile tests is given in 


Tablb XXIV. 


The resistance to compression is at first eight to ton 
times the resistance to tension, but the ratio increiises with 
ago, so that old mortars may have as high a ratio of com¬ 
pressive to tensile strength as 12 or 16. 

The necessity of waiting at least 28 days after gauging 
a mortar before obtaining results us to the strength of a 
cement being tested has led several workers to attempt 
the artificial “ageing” of the briquettes by heat. The 
briquettes, after remaining as usual for 24 hours in a 
moist ohamlwr, are immens^ in cold water, which is thou 
gradually raised to boEing, smd the heating is continued 
for 6 days- The tensile strength of the briquettes thus 
treated is supposed to reproent that attained after 
hardening for 28 days at the ordinary temperature. 
Although a few experts have pronounced in favour of 
this test, the opinion of the majority is unfavourable.* 
Experiments are still in progress, with the object of 
bstablishing a definite relatimi between the strengths 

* Alt <S*ta refac PortaaaA oement. 

- * See rejpWs to the Oopeafei^ Oongrm, 180% by f. Berger, h, 

!Deviil,MwiA.0roil. 


Noat Oomant, 

1 :3 Mortar. 

Kg./cmA 

Lb./in.^ 

Kg./om.®. 

ItlhfmA 

S9 

655 

16 

228 

45 

640 

21 

S^8 

54 

768 

25 

356 

66 

939 

30 

426 

n 

I I02S 

84 

484 

75 

I 1067 

36 

514 





r the two couailions. A romurkably »uvor« 
I ia Deiunark, iti which ih® bri»|UBlt»« bm 
leatiiiK in water tinder prewiure in »n awto- 
esting. In Inf «» afionlwfat®** iiln»liglh 
ndicnteB the ih gre® c.f unmninaneiB* of iho 
< no ad vantage over the iiaiml hot teat* for 
^oliiin®. 



Bum BfiliMdtx I. 
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a tensile strength, in the form of 1:3 briquettes, of not 
less than 250 lb. per square inch after 7 clays and :52r) lb. 
after 28 days. The compressive strength should be about 
10 times as great, increasing to 11 times after 28 days. 

TABLE XXV. 


The German standard requires a tensile strength, for 
1; 3 sand briquettes, of 16 kg./ciu.® (228 Ib./in.*) after 
28 days, and a compressive strength of 160 kg./cm.* 
(2280 Ib./in.*) under the same conditions. Provision is 


TABLE XXVI, 


Ooni[)re«dou. 


Tennon. 


Kg./om,*. 


Lif;ht hydraulic limes 
Heavy „ „ 

Itoiiuui cement 
Quick-sottiiif' Portland 
Hlow „ „ 

Slag cement . . 


also made for it ^t with^S mortar, allowed to remain 
24 hours ih‘'moist’ air'''0 dA^ in water, and 21 days in air, 
the tensile and compressive strengths should thou reach 

' ^ vS i fJ"'t • , ' , . 


Kgt/om*** 

Lk/in.*. 

» 

im 

m 

in 

m 

1140 

m 

l«00 ! 

im 

■r::* 

m 

2S80 



7 Days. 

28 Days. 


hKfmX 

Kg./cm.*. 

Lb./in.*. 

Kg./cm.». 

Neat cement . 

656 

46 

808 

56*7 

1 : 3 mortar (standard 
sand) . 

1 267 

18*7 

zm 

23 
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20 and 200 kg./cin.® respectively. SucE a test as this is of 
value in view of the fact that a very large part of the 
cement consumed is employed in the construction of 
buildings above ground. Quick-setting cements are not 
expected to reach so high a standard, a condition which 
is also provided for in the Austrian and Swiss Specifications. 

Tests with neat cement are not recognised. 

Much less regularity exists in the specifications for 
cements other than Portland. The Swiss Standard Speci¬ 
fication requires the following tensile and compressive 
strengths for normal (1:3) mortars of different materials 
after 28 days’ hardening as described above (Table XXVI.). 

The “ slag cement ” in the above table refers to the 
mixture of lime and granulated slag often sold under that 
name. Cement made by granulating basic slag, without 
th,e addition of lime, should give as high results as Port¬ 
land cement. The figures given by one cement of this 
class are for 1:3 mortar: 

7 days, 16-7 kg./om.** (240 lb./in.2) .,j 

28 „ 28 „ (400 „ ) 

The mechanical strength of mortars prepared from 
lime, hydraulic lime, or other materials^is tested in 
exactly the same way as cement mortar^feut different 
methods of gauging have to be adopted according to the 
nature of the cementing material. Lime, after slaking, 
is usually made into a paste by working with water until 
it contains 43—46 per cent, of water. A definite quantity 
* of this paste is taken for the preparation of mortars. It 
is also used for the testing of pozzolanic materials. As 
an example, the method recommended for the testing of 
volcanic trass may be mentioned. A mixture of 1 
vol. of trass, 1 vol. of standard lime paste, and 1 vol. 
of standard sand is thoroughly worked in a kneading 





1 M. Gary, Mitt. h. MaterM-Pntf. Amt., 1910, 28, 156. 
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inwhitw, anil ia then rammed into the moulds in an 
" earth-moiat" condition by moans of a Roohmo Inurniusr. 
RricjiiottoH tlm* prepared should 1» capablo <}f wjHistinir 
14 kg./ein.* (200 Ib./in.*) after being allowed to harden 
for 3 days in rnowt air and 26 days in water. 

Mixtim?s of lirno and cement may also la? employed 
in making niortwr. The addition of a small pr»»portion 
of I ortland cement to lime mortar is praotised, par- 
tioularly on the Continent, as a means of increasing the 
strength without unduly increasing the owt. The oon- 
voreo praotioo, of adding slaked lime to an ordinary 
cement mortar, has lieon frequently recommond<al as a 
nmn« of rendering the mortar more plaatio, and there¬ 
fore more Msily workwi in lay% bricks, whilst it has 
also be«a considered to improTo the quality of mortar 


TARLl XXVII. 


Tendl# Sttw^ sft«r fl i» Water. 


7t^w4»r 

14 n 

m I 


iij!en.l.-d to harden in'» moist situation. The widition 
iH Ml oo'advantago whon:lh#: hardening takes place in 
.-or. In TabI® XX.¥IL''jtho quantity pf Ihfie pewder'Or 
piwti! is exprowed as a-percentageofweight of 
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cement used, the weight of sand being in all cases three 
times that of the Portland cement.^ 

A study of the behaviour of such mixtures under 
different external conditions would be of interest. The 
extra mechanical strength given by the addition of lime 
must be the result of the formation of a mechanically 
resistant colloid, but it might be expected that the 
product would be more readily attacked by external 
agents than a pure cement mortar, on account of the 
large excess of lime. It must be remembered that the 
practice of adding trass or pozzolana to cement mortar 
required to resist water has precisely the opposite object, 
namely, that of diminishing the quantity of free lime in 
the hardened mortar by combining with it to form 
silicates. 

The nature of the sand used for the preparation of 
mortars has a very marked effect on their strength, and 
it is therefore necessary to fix a “standard sand.'’ The 
British standard sand is obtained from Leighton Buzzard, 
and consists of clean quartz grains. It is required to pass 
through a sieve having 20 meshes per linear inch and 
to be retained on one having 30 meshes per inch, the 
diameters of the wires being 0-0164 and 0*0108 inch 
respectively. The sand is therefore of very uniform grain. 
Greater strength is given by a graded sand, containing a 
proper proportion of coarse and fine particles, but it is 
very difficult to standardise a natural sand of this type, or 
to prepare a sufficiently regular artificial mixture. The 
German standard sand is obtained from Freienwald, and 
must pass through a brass plate 0*25 mm. thick, perforated 
with circular holes 1-350 mm. in diameter, and be retained 
by a similar plate having holes 0*775 mm. in diameter. 
The American, Austrian, French, and Swiss standard 
sands are of the same fineness as the British, whilst the 

1 Calculated from results given hj L. C. Sabin, Cement and Oomrete^ 
London, 1906. 
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Bussiim sand is a mixture of equal parts of saiul of this 
fineness with sand retained between sieves having respec¬ 
tively 30 and 37 meshes per linear inch. The question of 
the possibility of obtaining an international standard sand 
is at present under the consideration of a committee of 
the International Association for Testing Materials, and 
comparative experiments are ako being made to determine 
the influence of different smds on tests performed >mdor 
otherwise identical conditions.* 

The effect of clayey matter or dirt, which k commonly 
present to a greater or less extent in the sand as received, 
is variously estimated by different authorities. It is 
frequently made a condition in speoiflcations that all sand 
intended for use in mortar shall bo thoroughly washed to 
free it from clay and dirt, but this precaution is regarded 
by some as superfluous. The prasonce of organic matter, 
the so-oalled “ humic acids” of surface soil, is undoubte3,ly 
deleterious, but it is not certain that the presence of 
finely-divided clay, loam, or earth of a purely mineral 
character, is in any r«tpeot harmful. Experiments with 
mixturas of sand and fine dry loam, free from oowme 
partloks, showed that the strength of the mortar was 
increased by the use of sand containing loam when the 
latter was not in oxomi of 10 per cent., and that washing 
a sand containing this quMBity of clean earthy matter 
would oven dtininiah its value as a constituent of mortar.* 

The proportion of clay w loam in a sample of sand 
may be estimatod by tomsfering a known weight of the 
dribd material to a dish or basin, washing in a stream 
of water until all the I%ht 0 r partiolm hate Iwm earned 
away, and drying and weighing the residue. 

* The 0bmgth of ffloftaw pruj^iw! fwim a tatpfo Bombw of dlfforent 

tos boon nfcndW by R I*. Hompliwsy and W. Jordaa. Ifnfl. KS. 
<5W. Sttrvi^, 190$, it», 331, 

* H, MmeltinUnu»AuHs>mi p, 41 (Berlin, IftlO). tl^ie W<a4t; 

contain^ a valaabt* seriiMi of ourv®* UiBiitmllBg the offltwa td dlffwent 
fwstoce on tie tueobaniend pcopeitiwi of oefaenl wortarj 
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I’riHiijR proparocl without ramming, in tiuj maniior 
tloHcribod ahovo. from 1 part of comont and ‘A parte of 
German wtandard sand, using 10 per ocnt. of water for 
mixing, have an initial apparent density of 2-2A4. A few 
figures are given in Table XXVIH. to illustrate tho change 
taking pliw during the storage of test-pieces in water, llio 
figurw refer to oubes prepared for compression teste, with 
German standard sand, rammed with Boehmo’s hammor,> 

Tho 1:1 mixture is denser than neat oeincnt, but 
further additions of sand reduce tho apparent 8|)ooific 
gravity. The t^t-pieces become denser with increasing 




Plasters. 

Little hm yet been done to standardise tho methods 
of tMting plastow. The fineness and apparent density 
are determined in the usual manner, and meohomcal 
tests, so far as they have been made, have generally 
followed the lines of those employed for cements. When 
tensile t«te are m^e, the plaster is gauged with 30-36 
per cent, of water, filled by hand into ordinary briquette 
moulds, and allowed a few hours to set. Wall plasters 
reach their full strength at the end of a week, and it is 
therefore useless to pmloi^ the toits to 28 dap. The 
strength diminishes if the specimens are kept in moist 
air. The strength of mMtt plaster briquettei amounts to 
21-28 kg./cm.* (30O~4OO becoming as high as 32 

kg./cm,* (401 Ik/in *) in the case of m exceptionally finely 
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is conYenient to arrange the two materials in such a way 
that the test-pieces may be held by tensile clips of the 
usual form. 

The hard, slow-setting forms of gypsum may be mixed 
with sand, and develop sufficient mechanical strength in 
the process of setting to serve as mortars. The following 
tensile strengths have been obtained from mixtures of 
Estrich gypsum with German standard sand: ^— 


TABLE XXIX. 



7 Days. 

28 Days. 

Kg./cm.^ 

Lb./in.^ 

Kg./cm.^. 

Lb./in.^ 

1:1 

20 

286 

23 

328 

1:2 

16 

228 

24 

343 

1:3 

13 

186 

15 

214 


It is a common practice, in making tests of the 
mechanical strength of cements and mortars, to prepare 
six briquettes from each consignment, and to take the 
average of the four highest results obtained, or the best 
six if ten are made. This procedure is to be deprecated. 
Exceptionally high results are as likely to be due to 
accidental causes as those which are exceptionally low, 
and the only fair method is that of averaging all the 
results obtained, rejecting only those briquettes which 
are clearly seen, before testing, to be cracked or otherwise 
damaged. 

Concrete. 

In concrete, a fragmentary material known as the 
aggregate,'' and consisting either of natural gravel or of 
artificially broken stone, brick, or other hard substance, is 
used, the spaces which are formed on packing or piling 
such a material being filled with a matrix or mortar, 
composed of sand mixed with lime or cement. Although 
^ O. Frey, Tonind Zeit,, 1910, 34, 170. 







the materials named, together with water, are the only 
essential constituents, others may lie added, such as fine 
clay for the purpose of filling voids and pnxlucing greater 
compactness, tmd pozzolanic Btil»tanc(» for the purpose 
of increasing the hardness of the mortar. 

The strength of concrete doiwnds on that of the 
aggregate, and on the proportions of mixing, the best 
proportions being those which result in exactly filling 
the voids of the aggr^ate with mortar, so as to avoid 
porosity on the one hand, wid separation of stones by 
intervening mortar on the other. It is evident that 
such a result is more readily accomplishetl by using a 
gra<ied aggregate, containing masses and particles of 
various sizes, than by having all the component stones 
of uniform size. 

The voids in any ipven ajig^r^ato may lie determined 
by the wd of water. Ihe material is filled into a vewel 
of known capacity until just level with the top, and the 
amount of water which it will then hold exactly is 
measured. For example, a v^iel is taken, the capacity 
of which is found by measurement of the water required 
to fill it to be 10 litrw. It is then omikied, and filial 
with the aggrt^te to be testol, for example, broken 
granite. The quantity of water now required to fill the 
vessel is found to be, say, 4*75 litrw, the i^grogato is then 
said to have 47*5 per cent, of voids. This simple pro¬ 
cedure is inapplicable If the agp^ato is porous, as a 
quantity of water is then absorW, in iwidition to that 
required to fill the voMs. This error is eliminate by 
soakij^ the agpegide liefore the defcerminatim in order 
to satumte it fully, Vmy looaely porous aggregates, such 
as pumi<^ or coke, are even then liable to an error, the 
water used to saturate them laigely runs out of the pr^res 
when decanted, thus causing the measureincnt of the voids 
to be too high.. It may be said that the error is of no 
consequonoe, as the mortar will enter into the pores in 
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Htono respectively in the finished concrete are therefore 
l(i: 24: lOO, or The volume ailotte<l to the 

cement is, however, that ocwjupiod by the colloidal pro¬ 
ducts of hydration after setting, and not that of the 
original dry cement. We are unable to caloidate the 
weight of cement to be used froni the alwvo data without 
some assumption as to the volume occupied by a given 
weight of dry cement after gauging and sotting. A 
mothfxl of determining this volume hju? already l)oon 
given on p. 187. If the volume occupied by 1 kilogram 
of the original cement after it hw sot an<l hardened for 

28 days under water bo v o.c,, it will require grams 

of cement to yield 1 o.c, of hardened colloid aftfer 28 days. 
The mortar is to consist of 100 vols. a^fr^ate, 40 vols. 

Mmd, and 16 vols. cement, Mid as it requires 
gmms of dry cement to yield 16 o.o. of colloid, or 

P 

kik^ms to yield 16 litr«i, the weight of cement to be 
used in preparing a mixture may be used in place of the 
volume, provided that v m known. Further experiments 
are, however, r^uired to determine the value of v in mmt 
oases. 

It will be seen that the weight of cement to bo usai 
could not have been calculated from the specifto gravity, 
or from the apparent d^ty, both of which refer to the 
dry cement Wore hydndbn. The weight of a given 
volume of hardened mortar Is not diftlcult to detomine, 
and gives us an aeowate kaowlwig® of the volume a given 

or concrete* 

' ' Howver the calculation he made, the proportion of 
* cement to he used k oonoreto should always 1»© speci|ed 
% weight and not l»y volume, as il^ii imptwsibio to%ll 
a mciwure satisfactorily with such af fine suitotsn^ 












AoOBEaATES. 

A great variety of materiftla may Im) «irH{>lnywl m« 
coarse aggregates in making concrete, inohnling IxJlh 
natural rocks anti artificially burnt protiuots. 'I’ho ohoioo 
of an aggregate in any given ciiso is tlotermiiiwl by a 
number of conaidcrations, including the purjKMWs to which 


weight, usually 100 lb., it is a good plan to have inetisimm 
made for the sand and stone or gravel onpablo ttf httbling 
the exact volumes required to mix with one bag of cement. 
The trouble of weighing is thus avoided. 







194 THE CHEMISTRY OF CEMENT 

mass concrete the tensile stress is never sufirciont to test 
the adhesion very severely. A more serious objection to 
ballast is the liability of the flints of which it is composed 
to fly to pieces under the influence of heat. Ballast con¬ 
crete is therefore unsatisfactory as a fire-resisting inatorial 
in buildings, although perfectly satisfactory in founda¬ 
tions, embankments, retaining walls, &c. Fire tests, in 
which the concrete, in the form of slaljs or vaults, is 
exposed to the action of a fierce fire, followed by the 
application of a jet of water, show that flint pebbles crack 
freely if the temperature roaches 1000°.^ For reinforced 
concrete the ballast should always l)e crushed before use. 

It is a general rule that the best fire-resisting aggre¬ 
gates are those which have been previously subjected to 
the action of great heat, that is, igneous rocks amoi^ 
natural, and burnt brick, &c., among artificial materials. 
To take the natural a^egates first, the denser varietiw, 
such as basalts, traps, and dense lavas, are admirably 
suited for the purpose, the principal objection to their 
use being their high specific gravity (.■5*02 for Rhenish 
basalt, 2-72 to 2'94 for British dolerites and similar rocks). 
The more porous lavas and other volcanic materials are 
naturally lighter, the lightest being pumice, which htut a 
low crushing strength, but is very suitable for concrete 
partitions and similar work in which lightnew and high 
W-resisting qualities are desirable. Granite (specific 
gravity about 2*7) is an excellent material, and yields 
sharp, angular fragments when crushed, from which a 
dense concrete may be prepared for us© with steel tein- 
foroement. The granite must b© free from decomposed 
material. 

Amongst sedimmtaig' rocks, the lima»tonos aro the 
most important as a^jregates. A dense and uniform 
liniesfcone, such as Portland stone, of specific gravity about 

Flmr$f Keporfe 101 of Fir# 
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must be able to bear immersion in cold water for a con¬ 
siderable time without disintegration. Terra-cotta and 
similar materials may be used in the same way as brick. 
Clinker from furnaces, if thoroughly burnt aird free from 
dust, yields good concrete, but is liable to contain sulphur, 
as described below. 

Two artificial aggregates remain, as to the merits of 
which there has been much controversy, namely, coko- 
brcezo and blast-furnace slag. Clean coke breeze, free 
from sulphur, is undoubtedly a useful material where 
groat strength is not required; it is very light, adheres 
well to the mortar, and resists groat heat, resembling in 
these respects natural pumice. Most coal, however, con¬ 
tains sulphur generally in the form of iron pyrites, and 
the greater part of this sulphur remains in the coke after 
the process of distillation, as iron sulphide, a compound 
which is readily oxidkabl® in the presence of mokture. 
Should air and moisture gain entrance to the interior of 
the mass, a process which occurs with ease in so porous a 
material as coke-breeze concrete, oxidation takes place, 
accompanied by a considerable increase of volume, which 
may result in the complete disruption of the concrete. 
Many instances are known in which fire-proof floors have 
expanded from this cause, and have crocked and bulgo<l 
with sufficient force to lift up and break an overlying 
layer of asphalt. Experiments are needed to determine 
the permissible limit of sulphur, and the conditions under 
which oxidation takes place; in the moairtime, it is 
advisable to regard coke-breeze concrete as a material to 
be employed only with the utmost caution, or, bettor,; to 
bo avoided altogether. 

Blast-furnace s%,bf dense and of suitable composition, 
forms an excellent fire-r^sistii^ a^pfogate, to which the 
mortar adheres wett. The presence of sulphidw is an 
objectionable feature, as' tending to form iron sulphide, 
whipb may subsequently cause expansion by ifo oxidation, 
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alth.oug-li the calcium sulphide, in which form the sulphur 
IS originally present, is not in itself deleterious. It is very 
desirable that systematic investigations should be made to 
determine the requirements of a slag suitable for use in 
concrete. The claim has been made,^ that all blast¬ 
furnace slags, including those which disintegrate in course 
of time on exposure to air, yield sound concretes, and the 
claim is supported by tests on concrete, up to an age of 
six iriontlis, showing a steady increase of strength, even in 
the case of unstable slags. This rather remarkable result 
is explained by the protective action of the mortar in 
preserving the masses of slag from exposure to the air. 
However this may be, it is obviously undesirable that an 
unstable material should be used, liable to disintegration 
whenever air gains access to the interior or when, by cutting 
or drilling, new surfaces are produced. At the same time, 
it is certain that many blast-furnace slags are capable of 
yielding sound concrete, and in view of the enormous 
accumulations of this waste product, obtainable at low 
oost^ its utilisation in this way is a question of great 
teciinical importance. The same remarks apply to the 
use of granulated acid slag in place of ordinary sand, a 
practice which is now frequently adopted where suitable 
material is available. Concrete has even been prepared ^ in 
whichL all the constituents are derived from blast-furnace 
slag, the aggregate being broken slag, mixed with slag 
Maud, and the cement being of the kind known as Iron- 
Portland.’’ Evidently many further tests are necessary 
before such a material can be employed without serious 
risk* 

Reinforced Concrete. 

In reinforced concrete structures steel is embedded in 
the concrete in such a way that tensile stresses are taken, 

^ H. Passow, BkM und Mhm, 1910,30, S29. 

^ A. Knaff, ibid^ 827. 
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as far as possible, by the steel, whilst the comprosHivo 
stresses are taken by the concrete. The clKcicnc-.y of this 
form of construction depends on the proper proportion¬ 
ing and arrangement of the steel roinforceincnt, on the 
quality of the concrete, and on the adhesion lictwcon 
the steel and concrete. The first of those conditions is 
entirely a matter for the en^neer, but the scconti and 
third call for some notice here. 

Portland cement concrete is the only material suitnlde 
for reinforced construction, on account of its high strengtii, 
and it is necessary that the quality of the cement shall bo 
fully equal to the standard, especially in respect t<) sound¬ 
ness. Unsound cement may produce the most disastrous 
results in this class of work. The aj^egate may be of 
any of the kinds enumerated above, acooidh^ to circum¬ 
stances. It must be much more thoroughly broken than 
is necessary for mass concrete work, a good rule being that 
the whole should pass through a screen having ineshos 
I inch (19 mm.) square. The proportion of voids in the 
sand and aggregate should bo accurately determined, and 
the ingredients should then be employed in such 
portions as to yield a thoroughly dense ooncrete. It is 
obviously useless to prescribe fixed pro^rtions, sinoe the 
best quantities of the respective ingrodionts have to be 
determined in every case by direct moasujement. The 
practice of using fixed proportions, irr^pectivo of the 
grading of the aggregate, is to be condemned, but, jis an 
indication of the quantitbs used in a particular case, it 
may bo mentioned that one firm conducting much work 
of this kind uses the following quantiti<» when suitable 
material is aviulablo— 

0ravel, containing stones of all sixes between a | inch 
(19 mm.) and i inch (3 mm.) mesh, but fro© fifom laqjer 
^n« and from sand, 20 cubic feet; sharp swd, 10 cubic 
feet; cement, 500 lb. 

The concrete may be mixed by hand or by mbans of a 

















Tests of Conobbtb, 

The quality of ooncreta may be determined in the 
laboratory by compressiv© teste on 6-inoh or 4-meh cubes. 
It is useless to perform teste on cubw smaller than those 
named, as in small test-pwoM the dimensions of the 
particles of aggregate are too large in oomp»ison with 
those of the cube, and the results are iniuenoed too gwsatly 
by merely accidental oimumstanoes. The concrete may 
be mixed by hand or in a laboratory mixer, but is always 
rammed by hand, umng a heavy iron pestle, which is 
raised and allowed to fall by its own weight until a 
sufficient degree of compactness is obtained. Tire square 
base of the pwtlo fits loosely into the non mould. The 
conditions of sottmg and hardening ate the sanre »»in the 
testing of mortar, and the tasting press is of the same 
kind, a very heavy maoMne being of oomse necessary for 
crashing the laiger culm. 

Tfee strength of concrete, like that of mortar, incroasw 
with time. Fig. IT shows the rate of increase of strength 
of a concrete prepared from I voL cement. If vok sand, 
and 3| vok gravel, the latter pawing a l-inch sieve ami 
Wng retainetl on a |-mob siovo. A l2-inch oak was 


The adhesion of good concrete to stool is remarkably 
perfect. It is facilitated by coating the stool before use 
with a thin liquid cement grout, a procedure which 
preserves the rods from rusting. Loose rust should be 
removed by brushing or scraping, but it is not at all 
necessary that the surface of the steel should k perfectly 
bright, a firmly adhering, thin film oi rust having iio 
evii effect. Many means have ken adopted of increasing 
the adhesion by artificial means, by employing oormgated, 
indented, or other forms of bars in place of smooth 
cylindrical rods, but the relative advantages of the two 
methods are still tlio subject of discussion and experiment. 
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used for each test, and the results are expressed in tons 
per square foot. The cubes, after being once hardened, 
are kept in water or in air until tested, according to the 
nature of the work for which the concrete is to be 
employed. 

Tests of blocks prepared in the laboratory, although 
indicating the strength which may be attained by the 
concrete mixture in question under favourable circum- 

Tona 



Months 


FlO 17. 

Increase of Compressive Strength of Concrete Cubes 
with Time. 

stances, are not an accurate indication of the strength of 
a structure composed of the same concrete, as the con¬ 
ditions of mixing and ramming are less favourable in the 
Tvork of actual construction than in the careful procedure 
of the laboratory. The necessity of taking specimens 
from the structure after erection may therefore sometimes 
arise, and provision is made in many building regulations 
for the purpose. A mass of concrete which has been 
removed from a wall or embankment may be trimmed 
to the form of a cube for a compre,ssion test by using a 
machine saw, consisting of a thin steel blade without 








V' -V Aurmcm 

'- ■--Artlfiekl »tm.m k a Jiiaitfrial aimilar fii:oh»,meter to 
wtterot®, «n»l ■ of eJiips of imtiiml ,*itona'"(lh«: 








tooth, the outtiog boing ofloolect by fiMxling n ocmtimidUK 
»lro«iii of sharp smmI and water on U» the part being (mt. 
t'lifam ihtiH pro{mro(i are onubed in a p«»« in tho imlinary 
manner. 

Twlii of reinfomed oonorete are riMwarliy carried out 
on a laige scale, it in impoMible to fonn any opinion as 
to the strength of atructuml motnljora from aiimll lalmr- 
atr#ry prisms, and tho usual method of toting, by Iwnding 
twarns. is only applicable to specimens from 1 to 2 metros 
in length, the value of the tot inoroasing with tho mm of 
the tot'pieee. Ksporimenti! of this kind may 1» per¬ 
formed in a lalmratoi^ provided with one of the niotlern 
forms Ilf hytlmtilio maohine, but the conduct of such tests 
lies outside the swpe of this work. 

Tests of the adhesion id oonorete to steel, a i|uality 
wh»b is intimalely wnneoted with tho ebemioal propr- 
tkM td mortar, may be tuMduUy made in the laboratory. 
In the imial metlM cd ecHodueti^ the tots, rectangular 
prisnts of tho omtor^ are prepared, in each of which a 
•tufle itol rad is emboM^ In mi axial {mdlion. The 
hardened prism m held in the toting machine by a 
plate prMii^ one ^ the end. fiM, and foto 

f^ulfid to pull out the rad is nt^sured. The efect of 
vaiyii^ the dmuilly df the mortar, the nature of the 
the sttiliee etmditifln of the steel reinforcement, 
to,, may he mav^fently determined in this manner, 
Tho effimt ^ mwhaiikal <dkviem for preventinf sllppt^ 
teween the idedi aMd the eoneiete, such as twisting or 
^ itxlentinf the haa^ butyag up or splitting their ends, &c., 
Is bMl determined %'die ehs^nmtkin of siwially prepared 
; bMm# tinder the hmimM, ' . ^ , 
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mtfildiittliy far, but to many varietm a furtiuar 
w wnabiinx in tbe immeraitm of tho stone in a 

wluUiiii of lUNlituii Nili<}at«, whioh wnvertH tho Hitj« „f i,i,g 
eotnont. litwratoii in aetUn^, into uatuliiiii aili^ato Tlie 
notion is mainly oonfinml t» tbo nurima «if tbo bl.wks 
ttlthnuKh by probrnKwl aleeping the mlicale iimy Iw nnwlo 
i« jametml® to a cunaidorable depth. In mo«i {,«w- 
«fer, the aetbn of the ailioate la limited to the formation 
of ft hftid outer layer, eapable of rwiiiting wenlherinK, »wwl 
of protesting the interior during the alow Imnlening of 
the eemont. The quality of the atone ofidcnlly depends 
<»n the quality of the cement und agsir^le employed in 
itft mMiufaettire, on the proper pioportioning of the 
Rtixtiiro to pmdtice a minimum of void*. mmI on the time 
allowed for IticieaMe of atrength by baniening. Mineral 
wlwiiiif mm mmeiimm witfi Hit 

moiiar In order to produce an approxlmal,bn to the »lour 
of aome natural at«m. 


SaifD-tei BiiCKi. 

An artifioial matiHial wWdi baa now Mwtmed aom© 
Iwl^al impofiMMe and in obemlMl relatbiwbb 
to the ealcaieoiM emnento, la ifito o( it« diflewit niethfKl 
of pttduelion, ia tbM known in OtmnaQy m “ Kalfejumd- 
•toto Clioie>Mi4iitone) and tn lUa owntiy m laiid-limo 
mfciit* Tb# pntpwaim of this matoiM ilepeiA’ofi the 
fii^ ib^ otyHaUim rilba la laipMy wmfmtmi Into the 
aoluWe fim« wte with under pimittre, 

in the fmmtm of hiMa with which it can 
in b.rin Asatou. bi ^ fmmm of 'mwiufac-'' 
lur,-, • .,,4 ia nM Wilh'a amall mntntity of now-" 
d«n-d !im^,ihe mliMae motihled into bioeloiIn. 
bri.;kni3k-iug pnaa, Ihua obtaiiioil aubjwtcfl 

ifi thn H liun of «H'«m uwlof high prttwnnj. '1 h*. 

* FiroJ lijf W. Jy[;v »..r. Ms m I • -a 




of SIIIMI are mimmmmiy rnmYeiimM 

cation, which comhinos with tho lime, forming a mmmi 
of hydratwl calcittm silicate uniting tho gmiiw toother 
to form a coherent mass. Most writers cm wmcl-hiijo 
bricks represent tho cementing material hy the formula 
CaH.a 04 , with a greater or less number of molecules of 
water of crystallisation. On tho view here taken of tho 
nature of hanlened Portland and other oemoiits, wo must 
regard this sulwtancc as consisting of oollohlal calmiuii 
silicate, to which it is useless to assign a definite formiilii. 
The soluhlo silica formed by the actwm of steam on sand 
is itself a colloidal sulwtancc, and we slionld llioroforo 
expect that it would react with the litno in iiiinwliste 
contact with it, without giving rise to the pKsliictian of 
any crystalline substance. In tho finishwl prwluct thorti 
should therefore l>o a continuous variation of oomiMaittioii, 
from pure silica at tho unaltorwl centre of the sand grains, 
through oolbidal layers becoming rioher in lime m they 
are farther removal from the centre. 

In the actual prooa« of manufaetufo, the quantity «f 
lime used is only 5»10 per oent., aoconling to the nature 
of the sand usal. Felspar a^d, whieh alreaily contaifia 
5-7 per oent. of soluble silica, givM tho liwt results. 'Hie 
addition of kaolin to the mixture lowers tho tensile strength 
of tho product. After motihling into blocks, hanlwit^ is 
jiorfonnal hy heating for about eight hours iiniler a steam- 
profeiuro of 8-12 stmewpheres,' It is possiblo to olitalfi 
still more complete combination, and thoroforo to inoor- 
ptiraie a larger pmjKirtion of Ihiic, by heating under 200 
atmospheres in the ialioratory, but no advantage is gained 
liy increasing tho pressure within the limits whioh are 
practicable on tho large scale.* Dolomitie limo nii»> ? • 

1 «. V, rmind. Ztu,, im SS7. a»H; im, ai.«i ii- 

CArm. ImL, UKSI, 26. fi21! K. MAk, tMrm,, 190B, l», l»»! 

H. Slnfftm*. flrp. intrm. Gmgt>. C%m., Mta, ISOS, t «m. 

* K. Tluoliter, OrMerr. Chtm. KM., ISWl, 8. US; M.llta*MiS|.f», 

Zdt.. imA, m% 
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iiswi with mooM, m aihoa combines with magn«ia under 
the Slime mnditions ns with itmo, but it has not been 
ff»in<I {Kissible to incorporate alumina in the same maimer, 
although, when kaolin ui used os one of the ingredients, 
alumina is found m a constituont of the oomenbing 
materiai. 

The strength of sand^lim© bricks, proporlj hardened, 
so that the whole of the lime k converted into silicate, 
is eonsidemble, amounting to 300*400 kg./eiii* (4270- 
5090 lb. per square inch) in ooraprwiion. The strength 
increases in some amm after stor^ in water, but this 
itatement probably only applm to material in which the 
reaction has not been oarriad to Mtnfdetion In the hanien- 
liq; viMniel. Bricks eompMid only of sand and lime resist 
a temprature of 1250" without losing their shap or 
•tnnfth, but thMo eonteiniiif kMlin are apt to crack 
and exphsic umler such conditions.* 

Tito following bwks may be referred to «i the su^eoto 
of winoreto ami reinforeed concrete, ami of inethwla of 
tcMtlng. I1ie iitomtitro dtsiUi^ with these materials is 
now v«:^ extensive. 

0. W, limit ud W. tSaasi fttd win. laiaiien, 

im 

it fSwt, MXmia BffMmMk 0bmmt Amd, ^ris, 1000. 

f. run Matpiwi^, Idilai*', dm- MwoMwlNtt, iterlln, 

ItW? Miwsf^ A meg tmeptdwiisivs work, exiendlitg tc 
wuty voIttMss. 

Cl. Revsni, L» (Mndmdmi 4» Obassla dnatiSi. ICiliin, 1910. 

W. 0. Vawla, fk« ei MiAertA <4 ikmitmim, M siln. 

Im^oo, 1910. 









CHAPTER VIII 


THE RESISTANCE OF CEMENT AND CONCRETE TO 
DESTRUCTIVE AGENTS 

Strtjctuees composed of concrete, or into the compo¬ 
sition. of which cement enters, although primarily de¬ 
signed from the point of view of mechanical strength, 
are generally exposed to destructive influences of quite 
another order. Alternations of high and low atmos¬ 
pheric temperature tend to produce cracks in the 
material, whilst exposure to frost, even for short periods, 
may bring about rapid disintegration under certain con¬ 
ditions. The solvent action of rain or of pure water is 
comparatively unimportant, but water containing mineral 
salts in solution is exceedingly destructive, and the 
problem of preparing concrete having a high degree of 
resistance to the disintegration of sea-water is one of the 
most serious with which the engineer has to deal, whilst 
the action of peaty water, of sewage, and of waste water 
from factories introduces further special difficulties. The 
more important of these influences may be considered in 
order. 

The effect of alternations of temperature varies with 
the dimensions of the structure. Unlike metals, cement 
and concrete have a low conductivity for heat, and the ^ 
temperature of a mass is only very slowly equalised. In 
consequence of this low conductivity, the outer surface of 
a, mass of concrete exposed to hot sunshine by day and to 
a- much lower temperature at night, is first hotter and 
then colder than the mass at a small depth below the 
Burface, the temperature of which remains practically 
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constant. Strossos are thus prodnoal which may Mulfc 
in the formation of cracks. Tlio effect only lK3t!omc8 
serions in the ciwjo of largo surfaces exposed t<» direct sim- 
shine, and is oven then than is generally supposed, 
Mng insufficient to cause cracking if the structure is 
properly proportioned, and sufficient elasticity k prwnt 
at such points as the abutments of largo arches. 
Exa^erated estimate of the strwsai produoed by 
changes of temperature have often been made, especially 
in dealing with bridg^.^ 

The effect of great heat, as in a conflagration, is partly 
physical, to produce expamion, and partly chemical, to 
cause dehydration of the cement. The value of reinforoed 
concrete in fire-resisting oonstmotion is largely due to the 
fact that steel and dense oonoreto have praattoally the 
same ooeffloient of expumion. A well construdt^ boM- 
ing, therefore, in wM^h the oonorete and stwl are 
continuous throughoaf, m that the structure may be 
described as monolithio, is highly resktoat to fire, but its 
good qualities are entirely dependent on the good pro* 
portioning and mixing of its ingrdiients, and the care 
taken to ensure a suffioient thioto^ of conorete as a 
protecting layer of bw conduotivity around the steel. If 
the steel be exposed at any point, or so thinly eoveretl m 
to become heated mpidly, ifei high ooaluotivity for heat 
causes its temperature to rise ftu* above tliat of the 
surrounding ooimrete, so that it expands exts^ivoly, and 
severe internal stres^M are produced in the reinforeed 
members. The influence of the ohareeter of the sggr^te 
on the roiistanoo to Are has already been referred to 
(p, IM). 

However good the quality of the eoficrete may be, 
disinti^tion sete in when a tem|Njrature of Is 
reacheci, owing to the expulsion of water fmm the eopient 
by heat, The desiccated gel beit^ dostroyed, the cowont 

1 F,- fm iJmmfi mi ilWt, 4 it* ■' ■ | ^ 








EESISTANCE TO DESTRUCTIVE AGENTS 209 

crumbles to dust, with complete loss of mechanical 
strength. This actton is unavoidable, but if the concrete 
be liard, and the aggregate be a suitable one, the disin¬ 
tegration is confined to a th% surface layer, the con¬ 
ductivity being, too low to allow the heat to penetrate 
deeply in any but prolonged conflagrations.! 

, The next destructive agent to be considered is frost. 
Water expands considerably in its passage from the liquid 
* to the solid state, so that water enclosed in the pores of a 
mass of concrete, if allowed to freeze, forces the particles 
of mortar apart, oi' at least sets up severe internal stresses. 
The effect becomes intensified by repetitions of the pro¬ 
cesses of freezing and thawing. The first freezing develops 
minute internal cracks, which subsequently become filled 
with water,, At the second exposure to frost, the water 
enclosed in the cracks also freezes, producing further 
disruption of the concrete, until after several repetitions 
the whole mass becomes fissured. The first appearance is 
usually that of the separation of flakes of mortar from the 
sarface, the water penetrating most readily into the super¬ 
ficial layers, and exerting its greatest influence there. 
The denser the concrete, and the less permeable it is to 
water, .the better it is able to resist the action of frost. 

Several of the larger testing laboratories, notably those 
of Ztlrich and Rome, are provided with freezing machines 
for the purpose of making comparative tests of the re¬ 
sistance of different concrete mixtures to frost. The 
specimen^ may be placed in a vessel of water, surrounded 
by brine cooled by the expansion of carbon dioxide or 
ammonia. Immersion of concrete blocks in the apparatus 
until frozen, followed by thawing and drying in air, the . 
process being repeated several times, is an exceedingly 
severe test of the density of the concrete. The production 
of cold being an operation requiring special apparatus, the 

^ For notes on the requirements of fire-resisting construction, see 
J. Sheppard, Concrete and Constr, Eng.^ 1907, 2, 13. 
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plan, has been adopted in some laboratories of iuuriersinfif 
the blocks to be tested in a warm solution of sodium 
thiosulphate, and allowing the salt to crystallise in the 
pores of the mass as it cook. The outward thrust exerted 
by the crystals as the solution solidifies closely simulates 
the disruptive thrust due to the expansion of water in 
freezing. Tiles are sometimes disintegrated by the dis¬ 
ruptive force of salts taken up from a solution in contact 
with them, and crystallising in their pores.* Quantitative 
comparisons between the effects of frost and the crystal¬ 
lisation of salts do not appear to have boon made. 

It is not easy to explain the apparent expansion 
of a salt at the moment of crystallisation. Actual 
measurement shows that the passage of a super¬ 
saturated solution from the liquid state to that of a 
mixture of crystals and another liquid is aecompanied, 
in the case of such salts as sodium thiosulphate, by a 
diminution, and not by an increase of volume. The 
same statement holds good of the solidification of many 
substances on cooling from the molten state. Water, 
08 is well known, expands at the moment of freezang, 
and there is therefore no reason to seek further for an 
explanation of the disruptive effect which it exerts when 
enclosed in the pores of a mass of stone, brick, or concrete, 
but many metals and alloys, wbioh undoego an aetual 
contraction during freezing, nevertheless exert a con¬ 
siderable outward thrust when eiystallising from the 
molten state. This thrust can wily be attributed to 
the laial growth of the orystals. Crystals of some salts, 
growing in their aqueous solution, have been observed 
to exert a thrust in the ddreotion of thwr principal axw, 
amounting to several kilograms for a angle crystal. This 
“orystallising force," whatever may be its physical nature, is 

‘ XW.Ocbb,/. Ohm.' iw. Cirm. 

' '' . ' . 









commonly supposed.* Mortar frozen by ocnding to ~ lb”, 
and then broken »ip and thaworl before sotting in plwjo, 
is very little injuro<l, oven when it has romainwl in n 
frozen state for a whole day, although freezing ftw sovemi 
days results in a marked diminution of stroi^th. Much 
depends on the consistonoo of the mortar, a “ wot" mortar 
being much less woakenal by freezing than one which 


i impor 


. k Mfn/M 











212 THE CHEMISTRY OF CEMENT 

dense mortar, but it is nevertheless desirable to obf.ain 
a concrete offering the greatest possible resistance to the 
passage of water through its mass. 

Much difference of opinion exists as to the relative 
advantages of different calcareous cements in situations 
exposed tQ the direct contact of water, and although Port¬ 
land cemoiit is commonly preferred, and is often regarded 
as the only suitable material, there are not wanting en¬ 
gineers who employ by preference lime concrete, using 
a hydraulic lime of good quality, generally in conjunc- 
tfcft with trass or some other material having jxizzolanic 
properties, with or without tho addition ot a certain 
proportion of Portland cement. Such methods of con¬ 
struction assume, from the nature of the ease, greater 
importance in CooAinental countries than in Great Britain. 

Several methods have been proposed for lessening tho 
porrpeahility of mortar md concrete for water, depeiwJing, 
as a rule, on the filling of the pores with m insoluble 
and water-repelling substaroo. Such a filling may bo 
distributed throughout tho mass, by mixing with tho 
mortar before sotting in place, or it may be confmeil to 
a layer at the surface, being applied externally after tho 
cement has s^. Again, the fillings may be olai»ifl^ m 

(1) tht«e of an organic character, which coat the particles 
of th6 mortar without^ touting comically with them, 

(2) inert partioles of inotgitoic Inatter, and (S) th<^ 
which produce increased hardnew attl lnii>qnheability 
by the formation of an insolubli Inoiqjanio compound, 

"" a 0 vi#bf mixing a fatty or alltomaious sntetance 
I mortar is very oM. Yitravius ami Pliny mention 
fSio ifeo of milk, blood, and lard m additions to the 
mixture of slaked lime and powder^ marble composing 
their stucco, and later examples <rf the use of oils mm 
known. 

Modem «waterproofing*^ materials, intendetl 
dilion to tho mortar or concrete at '' 
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’• HMrw»uiMlod by a thin shell of water. Within the sphere 
w lhu8 fcirmwl the chemical reactions procewl in a normal 
manner, the velocity of aotting being Kiinowhat r«lu 0 «l, 
blit without interfering with the hydration and formation 
of the gel. llanlening in air may therefore even he 
facililattal, the layer of oil preventing 1 «m of water by 
evaporation and wnaoquent shrinkage, thus ensuring 
fn-wlom fn»m cracks. The strength of a mortar depends, 
however, on the continuity of the colloidal miiis between 
the cement parliolw, and if anything oconi* to intemipt 
thb continuity, the cohiwfon of the cement is lMsen«J, 
and the strength is redinwd. It is ptswiMe that suitable 
oily materials may lie al^rlied hy the desiccated gel iw 
hawlening proceeds, so that the sefmrating layers of oil 
grathially disap|iear and eemtinuity is mi dwtroyed, but 
there is no direst proof of such an effect. On the other 
hand, soa|w are very unlikely to be abrorl»d in this way, 
and It wouW seem inevltabhi that soapy miyorinls should 
diminish the rtroi^h. The importMoe improving the 
watertight qualities of concrete k m gimt that further 
direot esporimeiito in this diieetion aro gr^tly to he 
dwndl. 

tlrealer oompiiotn®«i may be given to eonoret© hy the 
ittldition ©f very finely divided filling material of an 
inoigaoio and ohemieiaiy inert nature, Olay has been 
kigely used for tWa purpose, and stlM finds defenders, 

* but them can b# i» doubt that it is iitferior to a dens© 
mortar fuepawd with sand wlriiout th© addition of foad- 
iiqimasuriai. Wi© most watei^t mortar is that prepared 
% mi^g proper proportiom of mortar and aggngate, so 
as'foreduootltopowritf toawWmuro. Th© advant^;®* 
of'adding poiwoli^ mrtl«!lahi or of usi*^ ©einent oontain* 
ing little or no alumliam hi pfepatttfchm, of ooncreto 
Jntondeil to lOil^ wider,,©*©d^uWd^ on pp.S^l 
■*'' = The plan way h© ad%t«d of ©wtbg that^ suifac© 

of thw ®»neriS® whbh'"ii,:to,te in eontaot with water'With ^ 
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mtewM to lh$ of SmA was ite found 

to Iw Itiemwd % 60 {wr omL. or moro, whlfiit biooks 
iitbjwtod to aliraabn tMito, wbbti indict ibo oondilitm 
of iii« estomat lajireM. p^¥0 aii muoli an tmt llmm grwMr 
rwinitMoo when ireatod iIimi wIhni ttnliwatod* 

Am t^nbi ilto tisil niMis «i pnfMirInf oonoiwto for 
UM in illuiit.lom in wktoh inip«nm«»yilty to wator ft wn 
m In tMilis and raaervoifli, ll ntn^ bo 
wntoiabor^ itM oloasiMii df toxtoit ^ Iho oomtoto 
Is ondnifiMlaAl. It niAjr bo {MWHbto to «»ltid« wator 
rauto prfoetJy ^ ajMwIai inat^inoiii, wfonlior «f tha fn* 
ilie tjm« «f iiiisinj!:, or *>( ISj«j ufUrr 

Inti Iko pofftiMiMil valuo of traoh ittolfoabt hm 
jj*ii yi)? *mO isfiwitorilj* wbilwi (t b f-crituu 

I fin} itxfSi'n.'U'of *b(i voids 

nJ wbii.h nioittpfoitdy filbid with osorlar {»rs ji»rcil wish 
film iiaiid» moif In isitilfidjf r d>n oxooio of water 

iijawi fos /tvoidwl in intam;;, Habie Uicuuso shrmkit}.'*^ 













and procaiitionii ninit of bo takiin to 

• m woll a^ {rout, aliook, 


and otlior di»turl>nig inttuoneos lonuiiig w 
imwkn. Even vory fim oraoks, raniifying in the interior 
of tho iruiHs, incroaso th© perinoability to a raniarkablo 
extent. 

ToKtH of tbo perineability of morts-r and eonerote are 


bicli mmmn lliroiigli a slab of the matoriiil in a givott 


packing at the npfior part of a ntml 0 


spe<5iiiM)n 


om§f«ti Mo@ki mm ^ mtM in %hm i^int afipiirattw, if 














wttfcem, sewi^e, Ijoor, naphtha, oil, or other liqukla in this 
apparatus.* 

It i« ui^loas to teat oonorete under a premurc much 
grojiter than that to which it ia to l« Huiyeoteci in praeticjc, 
as the inoroaadl flow of water oau^ uolution to proceed 
so rapidly that the penneahility ia inoreiwed. The pm- 
«ur© in harixHini, dooka, and rMervoire rarely oxoewiB 40 
feet head of water, equivalent to 17| lb. j»or wpiaro iimh 
(1*2 kg./om.*). It ia, of emirne, aornetimca inueli greater 
in dania and a<pi©duct« for water auppli«. In gootl oon- 
erote work the penneability it found to <loorca»o griuliudly 
owir^ to the solution of some of the ccjnatituontii and their 
WKlepmition in the void* of the amoreto. It i«. therefore, 
not uneommon for the “weeping" obwrvwl when a now 
oonorete teik or roiervoir m fl»t i»i to diminkh after 
a few weeks, the stnioturo ultim^y l^ooniing iwtfootly 
watertight. 

Ohatelier obtuned nKMRtremmta of the penne¬ 
ability of water by immenntm the blocks to be tmtwl in a 
solution of some mlt wfaieh eouM lie debwted by ite oolour 
or otherwise, and detenniniiig the depths to whbh pone- 
ti^lott took plane alter a ^vmi Interval. He foutbl that 
sodium sulphide was a gc^ ri^nt for this puipw, as 
ill raikLion with the tmees of iron always present In the 
mortar pioduom a praewh-bkek stain. When the euttes 
or prisms ore broken throufh after a suflloiently long ini- 
membn, the stain is found te have pmetr^ed to a depth 
below the surface proportional to the pemiealiility of the 
iiH.iiiir, Good mtxttties of iwnd with mthor eenient or 
liyflraulki lime proved to be pnwtie^ly iniperfiieable 
tintlrr tueh oonditlws, but porous mortals were veiy 
rapttlly pewtrated. Cy<dwtt wilphide is preferable to 
sodium itttphide. 

, ,. The gtfdimi romoval el lime by the aolvcni inflstoiKjo 
of water has betni studied by e very wmilar methwl, also 
> («. ft fi llul* ft ftyMi vfTmti^ Ct-mmf. KoU, 1004. 
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I liy |j0 CJliiiloIior. The BpeeimeM imm€.mmi 

itioii of mercuric chloride ^ter being broken 
Ordinary cement, rich in lime, i» ookmretl yellow 
st^oni, owing to the fonnation of yellow merenno 
o, I nit where the lime ha« boon largely removoil 
utioii of percolating water, this reaction tloos not 
id a Kpccinien from which lime haa been removed 
1 hIiowh, on imrnerHion in the reagent, an outer 


Bolvent action on the conHtituentHot cement 


w pm te aw fli»truotive, beoaiia© in contact with 
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of this kiiid, Buohaa the iin pact of often carrying 
«nd and Bhingle, tho alternate expaiuro to water and to 
air of work between tide-mark*, the ocoasional free^bg at 
low tide, followed by thaw, anti other infhionctiK of the 
aanio kind, Tho toate oommorily minle on a amall acalo, 
oonaiating in tho immeraion of oonorete blocks in twiks 
oontaiabg sea-water at a eomtant b^el. only mditjale tho 
effect of tho chemieM action, and do not tdke into account 
the other faotew enumerated, which, as will bo shown 
itnmodktoly, are of oven greater practital imjiortanoe. 

The approximate compoaition of sea-water, in grams 
per litre, from two different rngions, m shown in 
Table XXXI. 


TA15I.K .XXXL 




Alliiiilb, 


s-m mtdiycm, mmulm a wWiii qitiaii^ if 

carlion dioxide, in the fma of bittrbonateN, water 

eoittainiiig n<or<- thmt that of piurtly enoloeed eeai^ whilst 
a marked increase k olmerfahlo nm; to the iniiHlhs of 
nvofs, owing to Oie hknirtionatei brought down by the 
nver water.* Of the mit» preseat ia solutton, the alkali 
chlondw. which eonatitnte the inaj%.r porti.,i. of the: 
feil.iK- ecu, still,Buig, aro oomparalivt-H- , A „„„i. - 

* T. 142, aie (r»ci,ic«i«a 4 );‘" 

B-tt»}i|iln, Jitamk. MWty, Okm., I WO, 22, in. ' 








sciirwntor, is ofton found to oonta>in ii fiotisiilor' 


shanical alworption, and not to a chenno* 
1 tho conatituenis of tho concrete.* On 
a. HulnhaUsH escort a dirtsct ohemioal action, 


ucreU) ncpidly cmcka and separates in scaloH, exposing 
fresh surface to attack. The extent Ui which this re- 
!tio« proceeds <lo|jifiidM on tho proportion of idumi- 


rosistant to the action of nulphatos. Tho good 


of alumina. Where coaorot© work has 
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in 8«jji-wat«r, hm ihown* that m known inixtnro i« 
onpaMo of resiating tho dwtruotiv© action for way 
length of tim®. The tini© required in the oxperimeate 
to diwtroy ooinplotely cylindew 2 oiii. in diaiiiotor was 
found to vary from 25 to 2000 daya, quiek-aotting centoiils 
offering a remarkably high rwiatanoo, Teil hydraulic 
lime gave a lietter wittit than Portland oomont, and aU 
tho mortari were greatly improwd by the addition of 
poKsolanlo materials, oithor natural or nrtilleid. 

Le Chatelier’a expcrimonts are open to the objection 
that they were porforaaed upon unduly amall speciniona 
The n^und oonolusion to lie dmwn from them would be 
that it i« impoasiblo to construct durable concrete work in 
contact with sea-water, whilst the experienw of enginceni" 
proves the contrary, many works executed in concrete 
having resisted the action of the sea for many years with¬ 
out la|uiy. Hunereus 'IomI experiments have been made 
to determiai the most suttabfo mixture for use in work 
intended to be exeeutod, but only oxpcMtiin«ts on a large 
seal©, eontinued for fong periods under carefully 
olwerv^ conditions, cm ywld diwWve information on 
this point. Two important series of experiments are now 
in pt^^, and statemmto have recently been made 
respoetittg the rrenlts so far obtahiwl.* The flCMt 
valuable experiments are these oonduoted by the Scandi- 
navian Assoeiatfon, on acecitnl of the completon^m of the 
scheme, which Includes ^ tts^lng of a Iiurgo numlier of 
mortars and toncretoi under a variety of conditions. 
Three positions were seleeted for Immowing blocks of 
mortar, one being in the southern part of Denmark, 
one within tho Aretle aerie, awl the third In the iaitic, 
at a point where the salinity is only ono-seventh of that 

ll dswr. dpfiM tlmv., ^.iiiettoB, lew, 

• A* Smndtmfhm Utmmt 

tm i M, Qmty utU 0. SebniCiiw*. 'MfU, 
rtitf,, IlSJt, 27* 8*# of IteUi immiV' Iw tto aaUior. 

rWr,?.'ISIO, S, 23. , ^ ■ * . 
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mixture of fiaa sand with ordinary sand ineroiwca th« 


lanio material appemra to have 8c»iiie advantage in the oaw 


eabk in m<Mt mstanoM, but should bo approaohod m 
nearly as posubk. 

7. Twits by mow tmmotsfou in stationary sea-wiU^r 
are of little Talu®. 

8. The bohairbur of t^ speoimetw hr the int twolre 
months is irregular, and defioito oonoltiwoos eon only b® 
drawn from the results of bDg»p®nod tMts. 

Th«i 0 oonolusioQs, although in sotoo respoeb oontraty 
to fonofally reoelved opiidwns, mo quite oontEstont with 
the olmrv^ behaviour of laigo marine worla in oonorete. 

The offeot of soa-mte on iron-ore eeinont k seen in 
Table 3CXXIL, which shows the effeet of immersing 
bboks of li3 eement-swnd inortM In rea-water im- 
metltoly after g^u^i^.* 

;|Th0 lw» at may he r^wded as a nioasnw of the 
porosity of the mortar, and is seen to undoti^ little or no 
variatbn. The tmj mall imiresse of mt^pusla, sodium 
ohbride, and sulphates is an fadtoatlon that the ewnent 
bw been little affeetol by the chemical action of the sea¬ 
water. Jftlski^rtiy le he attributed to tha small propor- 
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tion of almninates, pcrhapfi also in part to tho coniparu- 
tivoly low proprtion of lime, which renders tho ctstnont 
loss roiuitivo towards niagncsiutn salts than a fully-limod 
Portland cement. Tho resisting qualities which cemont. 
preparod by tho granulation of bhuit-fumaco slag is stattal 
to possess arc somotinics attributed to tho latter eatiso, 
although expcrionco with Portland oeniontM goes t<» show 
that those ricth in liuio arc tho most resistant.* 

The prolonged action of water capable of exorcising 
a destructive infliuinco on concrete soniotinuw results in 


TAttl.K XXXll. 
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the formatiem of stalactitio ouljip’owths. Thus, blocks of 
mortar composed of comoat, sand, and trass, imtnewed in 
stationary sea-water for only 28 days, have been observed 
to form stalaetitos 20-40 cm. long, oonsisting of calcium 
and m^nesiura carbonates.® The explanation in this 
caso appears to Iw that the blocks hati been prepared at 
tfK> low a teinprature, so that setting was not complete 
when they were immcrsetl in the tanks. Similar gmwths 
have bticn <>b»crveii on the eonorote surfaces of harlsnir 
works. In oimi ease • the floor of a dock was covered after 
4 weeks with sUlagmItes 10-20 cm. long, whbh incniawal 
after 18 months to a metre. Chemical analysis showiftl 

* a. Ok#ii, ML, If 10, 84, 41®. 

» M. «ary, Mitt. k. MtMM-Prk/. Amt,, 1«08,1^. fl«. 
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them to consist of calcium ami inagnosium carbonate. 
The concrete wea composed of lime, mml, triwn, iiiid 

jrravol, and did not contain oonjent. No information is 
given regarding the conditions of mixing and setting. 
4omcwliat similar outgrowths, consisting m this ease of 
practically pure calcium carbonate, wore observed m a 
fresh-water canal (constructed with cement concrete) 
after 2 years’ use. It is certain that in all those instances, 
the original concrete must have been insufficiently dense, 
and that a similar occurrence is not to bo feared in the 
case of thoroughly sound and well-made concrota 

Concrete also finds extensive application in the con¬ 
struction of sewers and of tanks for the treatment of 
sewage. General experience shows that well-tiiado con¬ 
crete is highly resistant under such conditions, and that 
failures may usually be traced to the insufficient compact¬ 
ness of the mixture used. In this o«, as in that of 
marine work, concrete with a minimum proportion of 
voids is essential to the durability of the structure. A 
few exceptional cases may lie mentioned. The disohaigo 
of acids, such ini the waste liquors^ from dye-works or 
other places in which acids are uswl, is fatal to ooncrote in 
the neighbourhood of the point of disoharge, the cement 
being completely eaten away, thus reducing the concrete 
to the condition of loose gravel, A preservative coating 
of tar or of Angus Bmlth's eomposition has liecn found 
useful in such oases, but there can be no doubt that the 
entire prohibition of the discharge of acid waste liquors 
without neutraltsafion is the only practicable solution, 
stt0h dischiuge of corrosive liquids, whether into common 
sewers or direody into natnr^ water-oourses, Iwing a 
danger m well as a nuissnee to the cotntniinity. 
f Instances of the oetroKon of oonorote by ordinary 
domestic sewsge have only been notified oficaslonally. 
Some of these have been in tropical climates, where the 
high temperature of the liquids, and the humidity of the 


resistance to DES'mUOTIVE AGENTS 227 

atmosphere, probably combined with the imtial porosity 
of tho concrete, sufficiently explain the offeot. In a few 
CSISO8, whilst tho concrete below the usual level of tho 
stream of sewage luis remained perfectly sound, the 
portit>n oxjH)«ed to tho moist atmosphere above it hai 
tlisintt'gratotl, whilst a zone alternately covered and ex¬ 
posed by fluctuations in the level of the sowi^o has been 
very deeply corrodod and destroyed.' This effect has 
been obsorvod in plant for the treatment of very ooncen- 
tratod and putrid sewage, where the plan has boon adopted 
of drawing a largo volume of air through tho pipes and 
tanks for tho purpose of diluting the offensive gases. A 
principal conslituont of such gases is hydrogen sulphide, 
which is rojulily oxidised in presence of an excess of 
moist air, A part of the hydrogen sulphide is thus con- 
vortetl into sulphur dioxide, which reacts with a further 
quantity of the same gas, depositing sulphur: 

2HgS+S0a-2Hj,0-|-3S. 

That this imction takes place is proved by tho formation 
of a loose, solid dopcMiit of sulphur on tho oxi^sod surftmo 
of th© eoncrete. At tho suriaee of tho liquid, a part of 
th© hydr^^ sulphide is oxidised to sulphuric acid, which 
rapidly attwks tho matrix of th© ooncroto. It was, in 
fact, observed that th© lim© contained in tho cement in 
the instanee quoted had boon completely convortotl into 
ealoimii sulphate. Corrosion is inevitable iinder such 
TOnditions, and it k evidently nooossary to avoid the 
presence of a largo excess of air in tanks and vessols in 
which concentrated and putrid sew^e is under treatment. 

liquids containing organic acids attack cement, but 
if th© acid is not too coneentrated, tho surfjwo of con- 
creto may l>© sufficiently protectwl i^ainst atUtek from 
this cause by treatment with a solution of stMlium silicate. 
Wine miiHis and similar liquids arc almost without action 
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on comont, but beer, owing to the organic acids present 
and to the large proportion of carbon dioxide in ^ the 
solution, which removes lime from the surface in the form 
of bicarbonate, cannot be stored in concrete vessels unless 
the surfaces are treated with some preparation for the 
purpose of rendering them resistant.* 

The employment of concrete with steel roinforoomont 
brings with it the necessity of protecting the steel against 
corrosion by cbcmical agents, such as percolating water, 
acid fumes, and the carbon dioxide of the air. All these 
are capable of setting up corrosion if they roach the steel, 
and the formation of iron rust having onco begun, con¬ 
tinues at an increasing rate, as the expansion duo to 
rusting causes disintegration of the concrete. Here, as 
in all the cases considered above, the security of the 
stractare depends chiefly on the compaetnesi of the 
concrete. A denre concrete thoroughly protects the 
enclosed iron from rusting, ^ad when it has been found 
necessary to destroy old reinforced concrete work of good 
<|Uftlity in the coume of alteratioiM, the steel reinforcoment 
has always been found in a clean state, free from nwt, 
even when the situation is one involving the oowtant 
wetting of the concrete with B<»-water. The prerence of 
lime and basic lime compounds in the mortar hinders the 
access of carbon dioxide or acid fum« to the steel, but if 
water can gain entrance through the porm of the concrete, 
rusting may take place, oven though the liguid iti oontect 
with the steel remain alkslina* An insuffloieutly douse 
concrete, moreover, by allowing water and corrosive 
solvents to enter its t«^ to hoeomo more and 

more porous, until the action mults in the complehi 
dc.si.ruc.timi of l.oth the cottcwte and the reinforocment. 

Much aticniion hw* also been given.te th® question of 







;(! of Kulphido8 in ooacroto on tho rusting of 
tiioLnl. Curtain rnatorinls ofton omployod in 
tif>u of concroto for floors, vaults, partitions, 
ooko l»roc«o, some forms of clinker, anti blust- 


iginally in tho form of iron sulphitle, or yielding iron 


gaimng aocess 


rusting n»ay thus bo producotl. Experiments with furniujo 
ashta containing sulphides showed • that tho corrtwion of 














The discussion of the constitution of comonts iu Chapter 
IV. has sufficiently shown that the properties of a oomont 
are not an immediate function of ite ultiuiato chemical 
composition That is to say, two coinente which yield 
exactly the same results on ultimate aiialysis—the same 
percentages of calcium, of silioon, of oxygen, of sulphur, 
&C.— may prove to bo entirely dissimilar in their pro¬ 
perties, If we possessed a means of determining their 
pTOximoAs composition-—the peroontages of each oaleium 
silicate and aluminate, &c.—wo should probal)ly bo in a 
position to predict the properties of the eomonts. A 
knowledge of the proximate composition and inicrosoopie 
structure would certainly suffice for such a predictM®. 
Unfortunately, however, the proximate amdysis of pro¬ 
ducts of this kind is entirely beyond our prwont powers. 
It has been shown (p. 95) that the methods proposed for 
. ■ the estimation of "free lime" in a oomont are entirely 

'Ij untrustworthy, and that the quantity of lime indicated 

‘'|t by them is merely %h& resultant of a sorimi of oomplex 

„ ’ \r>:' reactions between the solutions employed in tmting and 

' :: V r- 'cl tho' coMitUttBAs of tho c«inont, Kvou garter 

diffiouiaw are met with in ^tempting to doterniine the 
proportions in wMeh more complex compounds are 
luoscnt. Mforoscopbsl exaininatfon roveids the form in 

■ owing to tl^ prej^rty wW^^ ^th^^ siHei^^ ;i^^ aluinb^at^ 
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ruquirud in dealing wiih other ciuiiwitR, «««! 
with the raw itiaterialii of mimufiiclura. 

On aoooMiit of tbo oalromoljf fino grinding of rnwh-rn 
I’lirllaod ociiHiota, it b not difliciilt to olilaia a miin- 
fftcUirjr ftatii]»lt«, oiibor from a iinglo li«g, or aobsettil from 
a number of to repnnwnt a whole eouaignimsnt, tbo 
ti«ua! jirnoautiona being of oourae olwervod in immplirig. 
It i* unmwwwai^ to grind the cement any furlher Iwforo 
treating it with roi^enUi. aa wm fortnerly the ciwo with 
iioamely ground producto. Moreover, in one nwsptfct at 
leant, a aulawtquent grinding of the sample praluooa an 
Mwr in the i^lyNui. Thb w in ^o eatimmloa of the 
** inituliibic reaidue." Kxporiment ahowa that the term 
'* inaolublc reabluc" b only a lelativo one, the quantity 
of mattor tinaltacked by aoids dependli^ on the stale 
of divbbn of the migorhd. By fine g^ding in the 
laiMratoiy the iniiolublo reaidtio may be rodiiwd to an 
imdgnidoMil fraction, the naefttlneMi of tbo oitima* 
tioo, M intlioating the ptopontbn of malter devoid of 
eementitlouf value, b deetroyed. For nimibr roasoim, 
the eomeiit should be speedy dried, before aoalyris. 

1'ht following meihoda fairly repawml modem practice 
ill tbe analyidi of Portland Mtd other iimllar cemenb.* 
JHI n^mMbita ahouMi bo perforaied bi duplieale. 

Btwea, SwgtiioxiiiRii, hmi, ago Maugwia. 

4 quMitity ^ O’S fnun of oemmi li placed in a 
poiwiWtt or pMaiini dM, and ikc'rdtt-hJy inked with 
^ Ten of bydiOehloik ncU axe ami the 
whole h evapondid to dtynMt After adding @ e,c. of 

* V-.. /. 4feir*, M * SI# II #f, 

fei! w* }l W. If. Wnwib S.' tWg»21« Itte'i 0. If. 

KWa iMi* i. f, pwobM, 'iifclr*' f9it ««} wot. 80, 5 a. F, 

tl K. tojlsct, - ,4,, _ B. K»u)«M. f A^.r, 

l%rM, sh0„ IWH, lbi| ■! Tlaiaivifcif'lbpe Caieiltod, Ow- <if 

wi'i Wsoaii b «-'?«t'ir««fisei44'1b#tiMilef be A»«*fai» 

. i - ^ 1' ’3' "f iw .'I trm sl‘ 






Iijclrcicnlcirie aciict, urn 

t<!n iitintiti’Ji, mill then 


minutai over a blowpipe, or 
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TM filtrate from the ferric oxide and alumina contains 
the lime and ini^^nesin. It ia rotidored amnioniaetd, 
raided to tlie Imiling-point, and procipitatwl with 10 q.c. of 
a Haturiitod sohition of ammoniiitii oxalate. After boiling 
for a few minutes, the liquid is sot aside for an hour, and 
the precipitate of calcium oxalate is tliisii collected, and 
washed with dilute ammonia. Most EuropMn cements 
contain only a small proportion of ituq^CMa, and in that 
case a second precipitation of the lime is uniujoeimary, Imt 
when analysing Amorioan cements, which usually contain 
a greater quiuntity of mtignwia, it is ful^isable to take the 
precaution of dissolving tho precipitate in dilute hydro¬ 
chloric acid, and ro-preoipitating with aintttonium oxalate. 
Tho calcium oxalate is dried and ignited over the blow¬ 
pipe or in a mufile. It is then weighed dinictly as lime, 
OaO. 

Tho filtrate from the calcium oxakto (or the united 
filtratM, if double preoipitation has been rw>ited to) must 
be foeed from tho greater part of the aoottinulatM 
ammonium M,tts before a aatiafaett^ry preoipitation of the 
magnmia Is {lossihle. The most ooiivenient method of 
removing ammonium mite wnafato in evaporating in a 
porcelain Imin until the midue laioomei pasty, and 
adding a laige quantity (40 to SO o.o.) of concentrated 
nltrio Mid. The ammonitim eompounde mo now readily 
dooompMdl and volatilised by heating gently. 

~ In accumte work, the m^ue Is disked in a amnll 
quantity of dilute hydfoehMe acid, and ammonia and 
ammonium oxakte are added in slight exem Tho 
procipMe conimte mm^ly of impurite derivml fmm the 
reii^cnts and vimsoIs, and is beet neglected. Mugmsiia is 
precipltatesl by oddity mnmenia mtd sodium phmiphato, 
And the solution Is set satde in a warm place for several 
hours (inferably ovem%ht} until iko magriesluin mu- 
tnonlum phosphate has sefsurated In a thoroughly 
crystalline form. The precipitate li ignited (previous 
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otipsub, oxtmoted with dilute sulphuric iwid, und tlio 
filtrftUs is then oxidised by moans of hydrogon piiroxido. 
Tho yellow coloration thus |)ro<luccd is ecnuparml with 
that given by a sUmdard solution of titanium, prepared 
by docomposing pure ptassium titanilluoritlo with strong 
sulphuric ac-id, dissolving in cliluto stdphurie wad, and 
diluting until each c.c. contains 0’002 gram of titanium, 
weaker solutions being obtained by further dilution, 

iNsonuMi-E Residue and Suu'uateh. 

A further quantity of I gram of ctanent is mixed with 
water, 20 c.c. of hydrochloric acid are added, and ovapratod 
to dryness. Tho residue is treated with 10 o.e. of hydro- 
ohlorio acid and filtered. After washing the silica on the 
fllter-papr back into the dish, an excem of sodium 
carbonate solution is add^, and tho vessel warmed until 
all gelatinous silica Is diimlvod. Tho liquid is Hlterod, 
and the residue is thoroughly washed until free from 
soluble salw, dried, ignited, and weighed. 

The first (acid) filtrate » precipitated while hot with 
barium chloride solution, and the barium sulphate, 
BaBO*. is ignited and we^hed in tho usual mmner, 

Lm ox loxmciN. 

Half a gram of comenl is heidod in a platinum eruolble, 
preferably In a inuMe. The tempratum should not excetHl 
m otherwise some of the ealclttiu siil|d»at© way 
be decoiopo8o4 The Ion represents water and carbon 
dfaide, Mid it Is, as a wile, unaociMeary to estimnto these 
constituents neparately. C^bon dioxide may, however, 
be wtiteatod aa'descriibcd below. 

Tho best Cerwao ftltor ppm, froetl from ash by ©xtmc» 
tions with hydrochloric hikI hydrofluoric acids, should be 
used for cement analysis, and only tho purest ubiainabb- 
iwids should be uawl as roagoiita. ' , 
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absorbing apparatus consisting of a row of bulbs containing 
hydrochloric acid saturated with bromine. At the con- 
clu^on of the experiment, the contents of the bulbs are 
washed out into a beaker, and the sulphur is precipitated 
by means of barium chloride. This method also serves 
conveniently for the estimation of sulphides in aggregates 
and in slag sand, the material being first ground to a 
sufficient degree of fineness. 

Sulphides may also be estimated very accurately by 
the following method : ’— 

Five grams of slag are mixed in a flask with 1 0 c.c, 
of an arsehious solution, prepared by dissolving 3 grams 
of arsenious oxide in 300 c.c. of concentrated hydrochloric 
acid and diluting to a litre with water. The mixture is 
then diluted with water to 500 c.c., shaken vigorously and 
filtered, The sulphur is thus precipitated in the form of 
arsenious sulphide, and may be estimated indirectly by 
determining the quantity of arsenic remaining in the 
filtrate. For this purpose, 250 c.c. of the filtrate are taken, 
and precipitated by hydrogen sulphide. The precipitate 
is washed with water containing hydrogen sulphide, and 
is then dissolved in ammonia and evaporated to dryness, 
the residue being heated with sulphuric acid on a sand 
bath until white fumes are freely evolved. After cooling, 
the mass is dissolved in water, evaporated to 30 c,c., cooled 
and filtered. The filtrate, after the addition of sodium 
bicarbonate, is titrated with iodine in the usual manner. 


Analysis of Raw Materials. 

Such raw materials as chalk, limestone, clay, marl, &c,, 
always contain more or less moisture, the proportion being 
very variable. As a rule, an approximate estimation of 
the moisture is sufficient, lOO grams or more of the 
crushed sample being taken, and spread in a thin layer 

^ J. and H. S. Pattinson, J, Soc. Okem. Ind., 1898,17, 211, modified by 
W. Fresenius, 
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over tke surface of a large disL, and then dried at a 
temperature not exceeding 110 °. If the sample is already 
in a finely powdered state, a smaller quantity, such as 5 
or 10 grams, may be dried in a steam oven at the same 
temperature. 

Chalk or limestone may be analysed in the same way 
as cement, a larger quantity (5 to 10 grams) being taken 
in order to secure sufficient accuracy in tihe estimation of 
silica, alumina, &c. The more clayey the limestone, the 
smaller is the quantity that will suffice for the analysis. 
Clayey limestones should always be strongly ignited before 
dissolving in hydrochloric acid. 

The quantity of calcium carbonate in raw materiafe is 
most generally determined by estirnating the proportion 
of carbon dioxide evolved when the saiflple is treated with 
a dilute acid. This may be done, in the case of carbonates 
which are decomposable in the cold (that is, of all but 
dolomitic or magnesian limestones) by means of any of 
the usual compact laboratory forms of carbon dioxide 
apparatus, consisting of a small evolution flask provided 
with attached drying tubes through which the escaping 
gas has to pass, the loss in weight, after adding the acid 
to the sample, giving the weight of carbon dioxide. The 
most rapid and convenient method of conducting the 
estimation is, however, by measuring the volume of carbon 
dioxide by means of a special apparatus, the calcimeter, 
of which several modifications exist. Fig. 18 represents 
Clarke’s calcimeter, in which the-whole of the parts are 
enclosed in a large water jacket in order to maintain a 
, constant temperature. The graduated tube A, open below, 
is enclosed in an outer tube B, connected with a rubber 
bulb F, containing water. The weighed quantity of slurry 
or other moist material is placed in the bottle J, together 
with a tube K containing 10 c.c. of concentrated hydro¬ 
chloric acid (drawn from the burette 0 )^ the bottle is then 
corked and is placed in the gauze cage M to assume the 
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toiuporatiiro of tho jacket. The tap N i« opened, and the 
water in A and B is brought to tho zero level by com- 

t pressing tho bulb F with the 

screw H. The tap is them 
closed, tho l>ottlo is roinov(id 
from its cage, and tho acid is 
brought into contact with 
tho sample by tilting. At 
tho same time, the screw H 
is gradually turned so that 
the levels of tho wattjr in 
and B descend at equal 
ratOT. After shaking the 
generating bottle to com¬ 
plete the action, it Is re¬ 
placed in tho eago, and tho 
apparatus is left to itoelf 
for two minutes in order to 
equalise the temperatura. 
The water level is finally 
adjusted until it is the Mune 
in A tmdB, ami the reading 
in A is then taken. A eer- 
reotion, Idkon from a table, 
is made for tho abforption 
of owbon dioxide by water. 
Tho quantity of material to 
bo taken varies with tho 
temperatur® and atmaipho- 
. rio pw«iiro, and Is deter- 
J^w**** minodbefowriieoxporimoat 

: , 1^ roformico to a table fur- 

;: ; -fl- ■ ‘ tibihid with the teatrameotfc 

Other forms of cidoiiaolor or© the tamo in princlplo, and 
only differ in tletail#’,"' , ; -'. 

More accurate c«t.ltmttion8 of carbon dioxide may bb 
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iniwlo by docompoHng tbo material in a small Hask 
provido(l with a tap-funnel through which the acid is 
iwlmittisd. The gas evolved passes into a series of absorb¬ 
ing tubes, of which the fi|Kt contains pumice moistened 
with concentrated sidphuric acid, to remove moisture 
whilst the two following tubes contain soda-lime. When 
the evolution of gjis is complete, a current of air, dried 
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heating with concentrated sulphuric acid at a 
temperature, afterwards heating suihciently « 
excis of acid. The residue is then extract 
sufficient quantity of hydrochloric aoi<l. leaving 
“ r in the residue, ioe i 
similar to that adopted in the s 
This method of attack is generally 
mixture of sodium and 


and insoluble matter 

procedure is (.. 

cement. 

to fusion with a 
carbonates. 

BlAST'KUENACB Slao, 

The silica in slags may be estimated as doscritel 
under cement. The powdered slag should be first lioiJed 
with water, the hydroehlorio aoid being then a^tsi at 
such a rate m not to check the boiling. In this way 
the formation of an adherent layer of gelatinous sihca 
is avoided. Nitric aoid is added towards the end of the 

The filtrate from the silica is used for the estimation 
of the usual bases in the same manner as in the analysis 

of cement. , . . 

Mamamm te always present m slags, aad^ it is often 

desirable to estimate it, although Its quandiy m 
cement and in owlinary raw materials is usually negligible. 

For the determination of inwQganoso, one grain of the 
powdered slag is heated with 20 c.e. of water and 10 o.o. 
of concentrated nitric acid, a sinidl quantity of hy» re- 

acetate, the manganese is estimated by piwipltalion with 
komhae «ad ammonia, the precipitate being ignitwl and 

may be estimatetl a» protimtsly d«oril>cd, by oxpolling 
^ the hydrogen wlphidt! and oollccting it by means of a 
suitable fengent. The tetal sulphur may b« wtimated 
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by 1 gtiitii of Blfig wifcli 2 c.o# of btoiiiitio itnci 

HI hydroeblorie iiokl, boiling and Mitering. ^ After 

iicMing Kiifficieiiit iiiiiiiKmia to the filtrate to render it 
imarly fieiiiral, biiriwni clilorici© solution is adclecl, and tlus 
preeipitate of Imriinii siilpliate is weighed in the tisual way. 

The Dktectioh of Hlao ih Portlamo Cbmemt. 

The probhifii of detecting Wast-fumace slag when 
iicldeil to Fortland eenient has attrinst^l more attention 

iti firtrtiriiit’iv t.lmri in Entflaud. but a short rcferonco n»ay 


»vo(l iumiffioient for the recognition of 


and dow not cloteot th© addition of imio Blag 


MMs ks 4iil.f IWf Wt I 
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effect was explained by the greater reducing iwsUvity ot 
the fuel in tlic rotary kiln, leading to the reduc#r>n ol a 
laruor quantity of the iron oomiwundH to the forroim state. 

The direct titration of the cement with pormanganate 
is uuHatiHfactory. on account of the irregularity «ii the 
action, and Frosenius found the following proowluro to 
rive the host results: One gram of the cement, grouml to 
pass the 180 sieve (4900 mwh®(/om.«), is mixivl with 
30 C.C. of water in a flask, and 150 c.c. of sulphuric acid. 
(1 vol concentrated acid + 3 vols. water) are lulded, 
immediately followed by 20 c.c. of a solution conUtming 
5 grams of potassium permanganate jssr litre. ShouUl 
this bo completely docolorisod. a further qnimtity of 
20 c.c. is added. After five minutes, the flunk btnng shaken 
occasionally, the liquid is decolorised by the atidition ot 
a solution containing 60 grams of ferrous ninuiomum 
LLatc per litre dm a burette, and the riight excess 
.is titratwl back with pennanganate. The direct estima¬ 
tion of sulphides by the arsenic method confinim the 
trustworthiness of the process. Table XXXI11. indicate 
the nature of the results obtainetl: *— 

TABLl XXXIll. 

f , iKMiARwlaeirij 

j Malerlal Ixaiained. I,v i »mm. < 


BtatimMy kfln . • 

littbcmwiy f«n»8« . . 

Iffltoryklla . . .| 

9ft p*ir cmt. sing aadca f I 
befon- > j 


portlsml cement A, 


»> »» 

I run- P(»rt laii< I ccnittni 

?» , ft 

Mag 


» U:u> ari*l voii Wrut huiu, /vc, rt'e. 
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ir m that of the sulphate present. A quantity of 
;rani 8 of the sample is dissolved by warming with 
I.C. of hydrochlorie acid and is made up to 

},c. after filtering ofi’ undissolvod impurities. A 


eolleetdi, driwi, and ignital in the usual way. 

When such varieties of gy|) 8 um cement as flooring 
plaster are being dealt with, it is sometimes necessary to 
determine the relative proportions of the difteront mcKlifi- 
oatbns of gypura present in a given Bjwcirnen. This is a 


30 minutes the l»sin is tmnsferred to a drying ouplwaid 


w%ht of hemlhydmte » 


imless soluble anhydrite bo also present, in which owe its 
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hydrate, and, if b bo the increase of weiKhl after nt 

In order to decide whether solnblo auhy«lritc is proKCikt,^ 
a portion of the plaster is sifted into a small cylinder o«»i^- 
tainine 200 c.c. of water, in whieh a sensitive thertiKmiotei 
is immersed. Should soluble anhydrite present 
temperature rises almost at once, and contumos U> <l<» k» 
for 2 minutes, whilst the rise of temimrature due t<» hydri*.. 
tion of the homihydrate only liCKins after 0 miimtes, imt 

continues for 15-25 minutes. . , , 

The “ Bstrich f^ypsum " whioh forms the principal com 
stituont of flooring plaster, hut is only present in rmlinta-t*^ 


plmhev when the burning lim l«0n cniMlii^tocl at Um liif|l 

a temperature, is estimated by wetting 5 gmins as ui I 
and allowing it to remain for 7 days in a inowt atniospher-c 
finally drying at 60^ If c be the inerease m weight i*.»< 


6 the quantity of Estrieh gypsum: 

The constituents nameil above are all active, that* f 
capable of hydration. In a<ldition to th«io, the pla»t>< 
may contain unbumt gypsum, dowl-bumt plaster, natiiri 
anhydrite, and impurities (cky, swid, ^o.). The imburs 
gypsum is estimated by detonuining the Itm of weif^l 
on iimition. If the loss be «, the weight r of uniat n 
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jy inereMiing prodiiotion of oaloaroous cernonts 
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li im in jwrt. «iwin}{ ii» ili« in«re«««l nmt uf 
•Ttimrwi®, anti u» I he intmtualbn of roinforewi t;t»n*intu. 
lioti. that i*«rilan«l ciemPiit haM weiuiii(>d gnmt an 
iinjtorianm* relaiivoljr to iho obler ealeanwiia wnienla. 
A far hij^bvr nnwbaitbal mmngth i* now thnnaUfiMi of 
tsuiiieni* lhaii mm fortnerljf iho mm, and Poribnti cutneni 
him ahown iwelf U» ho iho only matortai mpahlo nf tiiitciitig 
the incimiiiiijKly neetre roquiromonta of ih« «w»n*irtMjtMHiid 
onginoor. The demaiid for » b^ior matorMl haa Iwn wot, 
hy the maniifMaiurort.iiSKi it* Miutt* have limn aeon in lh« 
rotntiritaltle im|int¥«tnmil In iteo qnaliiy of Portkiwl tnjmenl 
diiHiiii: ntwniymr«.ainl thoro b no roanon to*u}i|}<*w tbM 
il» Mniit of itn|ir«nrottioni ham y«i imn mwhotl. An m- 
MiilnMitm td ilio pmgfwi wbieli ha* now tmti wmIo 
ybhi* aomo indiontjotta of ibo dirMibn in wbkh funrb^ 
obnngoN may ooour. An inorwiM ui th« tomiwralttfB of 
hiirnb^ wouM mnlMr iho roMtei belwton the win* 
IwtMNtlM mw» oomtilMo, mmI wooM Ihwohy inoioiM the 
WntoRWwity of ih« iifoiliwi. Thb migbl be eipeeted to 
ybbl « eometii of greater iMLiw^tb and dbo ^ gmUm 
ruffularity In n*|*wit u* The rarmnily IntiwitiOMi 

method* of mnindi^l «c«lltq{ liy {auiliil hydration of the 
mow r^rtUft ommtlinenl# durii^ the of niMiit* 

fmtim ptdttl to the ultltitule fMMilMlity^r1b;««-'f^lQgirlib 
alt additlcmi «f Mt%lbi i^Mtt* alUtf 
witM wmU bo of the NtmoU, itdewMai^ in hMiearfcn iEo 
ataWliiy awl wwAdiMMi of the ll h 

nIm* lhal » enriiAy of wir wMiailabi mmy hi 

M»}lloy«ll OMPbii OMilhiiHII. ,, ^; 

fho Wtdmn tj^ «# "iMlI^Bal* reiwm* arr fffcffy to'* 
ilintlnwh M«d% hi oonsHmiiiiil hnyoftHMi, whibo. tiw 
mam mnf mm hi mM «f hyitomlie ttmee, m tlw (two* 
kbnri iwMB wydh ttagt ••• »iii i»T.»i.u5.iy in* 

in hihm m kagmibm^^ of anlfiwal mpttmn' 

ni|h'« tte Ml tiht. IMNMBI ^ «i ffodnota. cf tnfeHor 
iMtph. fhMI tewn 0t mmmn» derived (tutu 
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furnace slag is less easy to predict, but it is probable that 
the difficulties connected with its utilisation will be over¬ 
come, and that means will be found of so regulating the 
chemical and physical characters of the slag as to ensure 
the stability of the product. 

There is still room for great improvement in the 
methods of preparing cement concrete. In the foregoing 
discussions of the properties of concrete, one property has 
been insisted on as being of supreme importance, namely, 
the compactness, or absence of porosity. The mechanical 
strength, the impermeability to water, the power of re¬ 
sisting the destructive action of sea-water, acids, and other- 
corrosive substances, and the degree of protection afforded 
to steel when embedded in the concrete, all depend in the 
first place on its compactness. A concrete is thoroughly 
compact, and is therefore likely to be satisfactory from the 
above points of view, when the voids of the aggregate are 
completely filled with a dense mortar, and every particle 
of sand and aggregate is completely coated with cement. 
Several factors demand special attention if these con¬ 
ditions are to be fulfilled. A knowledge of the actual 
proportion of voids in the materials used is essential, 
and a preliminary determination of this proportion will 
certainly be indispensable in future work in concrete. 
Again, a thorough grading of the aggregate is necessary, 
and it may even prove advantageous, in spite of the 
increased expense entailed thereby, to prepare artificially 
graded materials rather than to use ballast, &c., in a 
natural or in a roughly screened state. Further research 
is required to determine the most favourable grading of 
the sand and aggregate, and the best proportions of water 
to be used in mixing. Emphasis should be laid on the 
importance of good workmanship in the mixing, laying, 
and ramming of concrete, operations which are too often 
entrusted to unskilled workmen, whilst they imperatively 
demand a high degree of skill. The remarkable qualities 
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of some of the ttnoiont mortam and oonoretw, which have 
lai to the popular belief that the anoiont builders pow^jMsctl 
winiu sooiot, now l<«t, for their ooniposition, are un- 
dmilitwily dtjo in reality to the oare and akill eapeiidcd nn 
thoir propimition. likijieaially in the erection of reinforoed 
oemcrote imildinga anti hridgwi, a great re«p<in»ibility rtmln 
on those who are ebargod with the pre|»rstion and setting 
in place of the conerete, m errors are soaroely to be de- 
teotol after the work is et»mplot®tl nnltjiw by the failure 
of mniio part of the stnioture. Publie attention has l*een 
dirwtdi on seveml ooensions to the dbiaatriHts oollapse of 
reinftuwxl oonerote buildinipt, anti although in one or two 
instanow the original dwi^ was shown to be ilefeotite, it 
is safe to say that the principal fmilt In every ease lay in 
the oonorate. Wxii^ the i^radionts in unsnitabl® pro- 
prtions. using a quantity of water *0 laige as to prevent 
proper settii^ or so iimdl m to render effloient tamping 
itnpt-^ihlo, oaretatti^s in filling the moulds, neglwt to 
provide a proper coniieetfon betwtwn layers HIM In at 
different times, and removal of centring: Wore iuffieiettt 
time has hwn allowed for settiiq?, a« amongst the 
otimmonwt errom, ami any oiw of th«»e may lead to 
dimiter. Bptoiat iMms sbouUi be laid on the laiA* 
montionetl error, the promaturo removal of eontriag. 
The pret;a»tion should always be taken of detemining 
the linn- taken hy a wiiorete miaiura l<* wlUin » .Mdh' i'-n! 
degree of strength. Tl» time depends, m Has been shown 
aljove, on the quantity df water used in mking, and 
on the temjjoraturo awl atiUMpherie ootMliltons during 
ercetinii. tm well as on the Wting time of the cetnent 
employtstl. A sufficient naatgitt of time should then las 
alkiwdl Wore temovlrg any of M»e temporary siipjairis. 
Undue ha^ in coflstlttotton is a proliho omiso of dbastor. 
It must be repeated ribwt nitohanieal profMsriics of 
ccineut a<»n«reio depend on a nund iir >,f < >. 11 !- 
pies physical ami obomfo4;^wqpJS which ikniiand limo 
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such artiliciul "s^oing” can piwluoe tlie mtno cfTect tw 
hIow hiiniening at the atmoapherio toniperature, although 
it may ho poiwible to ^tablbh a relation between the 
mochanioal strengths at high and low tempemtuw 
rospoctivoly. 

In the determination of «oundn«, on the other hand, 
fwjoelerated tests have fully Mtablished their utility, the 
object in this cane lasing to reveal latent d#f«te. The 
objection that the hot test is unduly sovero b without 
force, in view tif the fact that the bMt (|ualitie* of oom- 
raorcial cement withstantl the tost in it« tmmt severe 
fonn. Unsoundness in a cement is so dangorons a defect 
that it is well that any tMt shouM err, if at all, on the 
side of stringency. 

A totter definition of the setting time is nowlod, whilst 
the exact methtai of gMiging is as much in neod of r^ik- 
tion as the mixing of mortars for strength toJts. It is 
ptmible that the detemiinatbn of the h»t development 
during setting may fit«l a place mnong the routine tots 
of the latomtory, Mthough not in any of the forms 
hitherto devised, anti it ut not unlikely that tmtomatl- 
oally recording apparatus may to wlopteil as a means df 
lemening the kboriotisness ^ woh teMs. 

The quMtion of the ehomtoM oenstitutm of eemetiht 
Cm dlittnguishfld frr»m the ttltirnbw ernn^Uim) is some- 
tifUM r^arded m havltq^ merely awdeinfo interert. This 
view b certainty a mwtaken one. Dto vtdualik propertiMi 
of cements can only to ntiUsed to the full by l^itig into 
account their entire ^emM tohaviottr. The remarkable 
altemtlons in the impyity of iwMiitf whieh tid;e plsm 
dtmng stor^, for laatoMe, «m due to the prystencfe of 
cMiponerits In a i^de (rf unstohhi ^utUhriuiti, erhioh nan 
only to invMtifated by etompal m^hods.. The fs»m> 
plexity of the ehemioM'a^prt^s eomditnted, ^r.iho sili* 
(Mm and: attniliMF iSMHf^i^^pbitMiees ilk'tvmvgnMter 
than that eahihtto}r:byvmctalMej,alfoyki sM'^''haR. lawn 




















appendix I 


THE REVISED BRITISH STANDARD SPECIFICATION 

The Engineering Standards Committee has recently (Augnst 1910) 
issued a second revision of the Standard Specification for Portland 
Cement, and it therefore becomes necessary to note certain points 
in respect to which the new specification differs from that of 1907, 
to which reference is made in the foregoing pages. The following 
extracts from the preface will indicate the nature of the principal 

cha ^g^ revision of the Specification the 

Committee has continued its investigation into the determination 
of the initial setting time of cement. It was found that while the 
final setting times determined by the British Standard and Vicat 
needles approximated very closely, the initial setting time as 
determined by the British Standard needle differed considerably 
from that given by the Vicat needle which is in general use, and 
also from that obtained by the rough and ready test of the 

finger-nail. . ^ x i 

2. ‘‘It was considered preferable that one instrument only 

should be specified for determining the initial and final setting 
times of cement, and the Vicat needle has been adopted for that 

Committee has also considered the question of insert¬ 
ing a clause in the Standard Specification to provide against the 
expansion of cement in cold water, but as the result of experimental 
investigation, they recommend that no test of the plunging type 
be inserted, as it depends upon the setting time of the cement 
rather than upon its soundness. 

4. “In regard to chemical composition, a mimmum lime 
content has been inserted with a view of excludmg cements other 

1 The numbers have been added for convenience of reference. For per¬ 
mission to publish the above extaaots the Author is mdebtcd to the 
Engineering Standards Committee. ^ 
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than Portland cttinonte, tho total Iona on ignition haa Ixam Mja-oiUwl 
t« provide an additional criterion of the qtiality of the «i*iiient and 
to roHtrict tho amount of water prwmnt, and proviaion w now 
made for limiting tho total amount of milpbur prewmt in the 
foment, whether in tho form cd aulphhhw or of Hulphatea. 

T). “Tho iimtructiona for (^uging wmiont have laom ulightly 


^ grama 














257 


APPENDIX I 

arcs mninly vorW alterations intended to give greater clearness. 
For the rules Jis to sampling, reference should be made to the 
published Bjiecification.* 

In regard to the determination of setting time (paragraphs 
1 and 2), the hmvy needle de»cril>ed on p. 148 is now abandoned, 
and a retarn is made to the older Vioat needle of 800 grains 
weight only. The dimensions of the standard form of Vicat 
newlle are shown in Fig. 10. The consiston*^ is only specified 
by the provision that “the cement shall be mixed with such a pro- 
isirtion of water that the mixture shall be plMttic when filM into 
the Vicat mould. The gauging shall be completed before signs of 
setting occur." I’urinission is given to use Vicat needles provided 
with a dash-imt or other mechanical appliance for ensuring a 
steady and gentle application of the point of the needle to the 
surface of the pat. Heveral instruments thus provided are now 
cm the market. 

Par. 3. The addition of a plunipng test in cold water, advocated 
by some workers (p. 164), hwi lieen r^ected as de|)ending on the 
setting time rather than on the scmndnewi of the cement. Excep¬ 
tion hae been taken to this decision, on tlm gpfound that tihe t«t 
k mluaWe a« a bimbs of detecting ex«wsive additions of gypeum, 
and that wmenta which disintegrate un^ the test have generally 
undergone such addiMona In the author’s opinion, however, 
the test is righ% rejected, as being unfair to well-prepared 
slow-settiing cemwitii, the nee of which, In concrete work, is to be 

Par* 4, Tk® ti««r m to the proporttoii of liia® 

ft miiiiatttm wdm m well m moEiiaftiii previowly fixed* It 

ii now timt tl» fftltt© of Iko »tio 

pr^od to ehoioimi m f * ®3) sWl Mi telwitti 2*Si 

« ft owiliiiiiiti ttod 2*0 m ft mittimmms Tkli mdudm 

nmt eoiiiftiti ©tmAtiog of pwmilfttod bkit^fortifto® ikg* in which 

' tii iifiip^urtioii of Hu# 'ii d»^id«ily lowf the fthow mliiiinttm# 

fiii m»e fiw the iojtoloM# i«ddti# at imr 

the «.«!.«» ™w»k «*!«»«.». Tl.. <«f 1 lo" 

on ignition (water and carbon dioxide) is not to exceed 2 i>er cent. 

» (No. i«. l«rls«d Aaga^ 1910) British Btandard Bpeolflcatten 

fur l*o*tte»4 
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unleHs it can be nliown that the cement ha» been groand for more 
than four wwske. A furtbor new provision is that tlm total 
sulphur, calculateilas SO,, shall not exceed 2-75 jatr cent. As this 
will include the sulphides prwent, most cements pre{«ed directly 
from slag are again excMed. It is right that gmnukted slag 


inch novel niateriiih incrmsei, bm the snthcii* bilwfM 


which tliey niuNt 


to include them* 

Par. S. The requirements »nc«alng the wniistenM of the 
paste to be employed in the mechanical t«ts now run as 
follows:— 

For neat cement: “The ccmcwt shall he mixed with such a 
proportion of water that after filling into the monM the niixtoie 
idhall bo plastic.” 

For eementeand mortes: “The mixture of ement and sand 
shall be gauged with so much water as to be mokt aro«#wmt, 
but no surplus of water shall appmr when the mixture is gently 
beaten with a trtwel into the mould. Clwn applianoes shall be 
used for gating, and the temperature of the water and dutt of 
the tMt room at the time the sakl opratiotts m> p«rlm«d 
shall be from 58 to 64 degrees Fahrenheit [14-17® C.}, and 
no ingredient other than cement, sand, and elMU fiwA water 
iMt be introdu^ in nudcfng the tat 'Fhe mixture {^uged 
as above shall be filled, without medbantal lantning, Into 
mouUb. ...” 

It k obvious that such a mode of piwriMiig the method of ' 
operatittg in making tnueh««ka! taita kavee mneb to tiie’^|tt<lg> 
ment rtf the individual and ma only be rtjpt^ed m provi^nttal. 

It is to bo hoped tiiat tibe lBinNt%at{cMS to wUoh we ^v« idludcd 
on p. 176 may kad to the SNtaUiidtoient of a mm tigoroup. 
Motood of testiing, from which ind^endent worimm may ex|t«ct to .f- 
o]Mn «m,pa»bte uMilts. 

The last altmtlon to whhdi tefiMmiee mied be made h rii- 
provision for fixing the ^owth lu tomdk idrength of the cMuent' 
briquettes, which runs‘ 

'/.."The average breaking Mtwa of tiM MfUitae twenly'^ghl.''' 
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dap after ganging miiHt mt b# l^s than 2§0 lb. per square iaeh 
ef and the increase in the breaking streM^ from mmn to 

twi«ity*eiglit flays latist not l>e less than :— § 

2*1 |4fr when thi? 7 «kyi* test is aliovs 200 Ik atwi not alcove 250 lb. 


(Coraimre the igores for neat cement, p. 181 .) 
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Mydfaiili® propetti#* of granulated «kg disfavored by B. 
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Magnesium hydroxide, 67 
-—— oxide, 56 

oxychloride, 112 

• Manganese, estimation of, 242 
Marl, Black Sea, 19 

'—— Cambridge, 19 
Tyrol, 19 

Marsh water, action of, on concrete, 
219 

Medway mud, 18 

• ——analysis of, 22 
Melilite, 99 
Metallography, 51 
Microscopical examination, 81 
Mills, ball-, 26 

~~ Griffin, 31 

--- pendulum-, 26 

—— tube-, 26% 31 
Millstones, 25 

Moisture,influence of,on setting, 149 
— on strength, 169 
Monticellite, 76 
Mortar, ancient- 3 
—- medieval, 5 
Mortar-mixar, 170 
Mounting sections, 89 
Myceneaa buildings, 2 

Hatitbal cement, 16, #1,102, 24S, 
—— analyses of, 43 

OiXr, addition of, to concrete, 213 
Oxides as components, 50 

Pahtheoh, 10 
Parian cement, 49 
Permeability, tests of, 217 
Plaster, 47 

--analysis of, 245 

-boiling of, 47 

—-flooring-, 48, 107 

-setting of, 104 

-testing of, IBS 

Plunge test, 104 
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33 
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--- manufacture of, from slag, 37 

—— manufacture of white, 34 
Po^jtolana, 4,100 
——' analysis of, 46 
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Fozasolanio mortar, 4, 16 
--hardening of, 126 
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Pyrites, 18 

Quaktz, 57 
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Re-grinding of cement, 119 
Retarders, 107, 108 
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Rhyolite, 99 
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-Belgian, 43 

Roman buildings, 3,10, 111 

-cement, 8, 41 

Rosendale cement, 8 

Sand, standard, 185 
Santorin earth, 4,101 

-analysis of, 46 

Scott's cement, 49 
Sea-water, action of, on cements, 
72, 219 

-composition of, 220 

S4ger cones, 63 

Selenite, 104 

Selenitic cement, 49 

Septaria, 8, 41 

—— analyses of, 43 

Setting of cements, 103 

Setting time, 124, 145, 252, 255 

Sewage, action of, on concrete, 226 

Sewage sludge, 21 

Shales, 18, 20 

Shrinkage of colloids, 110 

Sieves and sifting, 136 

Silica, 67 

-active, 120 

-estimation of, 232 

Sillimanite, 74 

Sintering, 61, 77 

Slag. See Blast-furnace slag 

Slag-cement, 16, 35, 183 

-analyses of, 40 

Slaking, 12, 53 
Slates, 20 
Slip, 24 
Slurry, 24 

Solid solutions, 76, 85,112, 123 
Sorel cement, 111 > 

Soundness, 163, 252 
Specification, British Standard, 11, 
93,133, 138, 158, 255 

-Austrian, 183 

-German, 11, 139, 158, 182 
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